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STUDIES ON PLATELETS. 





XIV. HUMAN PLATELETS AS 


SOURCE OF ANTIFIBRINOLYSIN ' 


By MARIO STEFANINI? ano IRENE S. MURPHY 


(From the Joseph Stanton Memorial Research Laboratory, Saint Elizabeth’s Hospital, and the 
Department cf Medicine, Tufts University Medical School, Boston, Mass.) 


(Submitted for publication October 6, 1955; 


Occurrence of increased plasma and serum 
fibrinolytic activity in patients with acute leukemia 
and severe thrombocytopenia (1-4) has been re- 
It would seem that at least two 
mechanisms may cause this phenomenon. It is 
possible that profibrinolysin be activated to fibri- 
nolysin by kinases of bacterial origin or derived 
from leukemic cells. It is also conceivable that 
thrombocytopenia may induce deficiency of cir- 
culating antifibrinolysin. The last hypothesis is 
supported by the findings of Johnson and Schneider 
(5) who found bovine platelets to contain twice as 
much antifibrinolytic activity as bovine plasma. 
Experiments to be presented in this paper discuss 
human platelets as source of antifibrinolytic ac- 
tivity and the possible role of fibrinolysis in the 
pathogenesis of thrombocytopenic bleeding. 


cently reported. 


MATERIALS AND METHODS 


Determination of antifibrinolysin was carried out by 
the technic described below. The following reagents 
were prepared: (a) A solution of Loomis’ bovine fibri- 
nolysin,’ containing 5 mg. per ml. in veronal buffer (6). 
This preparation of fibrinolysin had activity of 0.33 
u. per mg.; (b) various dilutions in veronal buffer of 
serum or plasma _ under Determinations were 
made within two weeks of collection, on specimens which 
had been separated from the clot within one hour of 
venesection and kept at — 20°C. until used. Since there 
is evidence that some factor or factors in the fibrinolytic 
system are extremely labile, blood was also collected in 
the cold and serum separated by rapid centrifugation in 
the cold (4°C.) and used immediately. Results were 
essentially identical to those obtained with stored, frozen 


1 Supported by grant-in-aid from the American Heart 
Association and, in part, by grant H-2131 from the Na- 
tional Institutes of Health. Presented in part at the fall 
meeting of the American Physiological Society, Medford, 
Massachusetts. 

2Established Investigator, American Heart Associa- 
tion. 

3 We wish to thank Dr. Eugene C. Loomis, Parke & 
Davis Company, Detroit, Michigan for generous supply 
of purified bovine fibrinolysin. 


study. 
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accepted December 5, 1955) 


samples; (c) solution of bovine fibrinogen in veronal 
buffer, containing 300 mg. per 100 ml.; (d) solution 
of purified bovine thrombin in saline solution, containing 
100 units per ml. 

Two-tenths ml. of fibrinolysin solution and 0.2 ml. of 
each serum or plasma dilution were transferred to chem- 
ically clean 10 100 mm. serology tubes and mixture 
incubated at 37°C. for 30 minutes. At the end of incu- 
bation, 0.3 ml. of fibrinogen solution and 0.1 ml. of 
thrombin solution were added in rapid succession. A 
clot formed within a few seconds. A stop watch was 
started on the addition of thrombin to the first tube 
and all tubes observed at frequent intervals. The end 
point (clot lysis time) was the time at which clot had 
completely dissolved. A test tube where veronal buffer 
was substituted for or plasma was taken as 
control. 


serum 


Platelets were counted by a modification of the direct 
method previously described (7) using 1 per cent solu- 
tion of EDTA-Na, in 0.7 per cent NaCl as diluting 
fluid and phase contrast microscope. Technics for the 
determination of capillary fragility, bleeding time, pro- 
thrombin utilization during clotting (prothrombin con- 
sumption) were as previously described (4). Platelet- 
rich and platelet-poor plasma and suspension of washed 
platelets in saline were also prepared as previously de- 
scribed (8). Sodium citrate 0.02 M (1/10 volume of 
0.2 M solution) was used as anticoagulant, since pre- 
liminary experiments disclosed that it would inhibit anti- 
fibrinolytic activity to a lesser degree than sodium oxa- 
late or EDTA-Na,. Silicone-coated syringes and Ar 
quad 2-C coated needles were used for collection of blood 
throughout all experiments. 


RESULTS 


(a) Plasma and serum antifibrinolytic activity in 
healthy subjects and patients with various con- 
ditions 


Antifibrinolytic activity of plasma and serum 
was determined in 8 patients with thrombocytosis 
(5 with chronic bleeding and 3 with severe hypo- 
chromic anemia) ; 15 patients with severe throm- 
bocytopenia (9 with idiopathic thrombocytopenic 
purpura and 6 with acute leukemia) ; 7 patients 
with thrombocytoasthenia (4 of the congenital va- 
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riety and 3 of the acquired variety due to chronic 
granulocytic leukemia). In chronic granulocytic 
leukemia, platelets, as in the cases studied here, 
may appear large and bizarre, while isolated or 
multiple abnormalities of platelet function may be 
found (poor clot-retraction, prolonged bleeding 
time, increased capillary fragility, poor prothrom- 
bin utilization during clotting [4]). Analytical 


MARIO STEFANINI AND IRENE S. MURPHY 


results are presented in Table I, as those found in 
serum. Values for plasma were essentially iden- 
tical. Antifibrinolytic activity was evidently 
higher in patients with increased number of 
platelets and in healthy subjects than in patients 
with quantitative (idiopathic thrombocytopenic 
purpura, acute leukemia) or qualitative (thrombo- 
cytoasthenia) platelet deficiency. 


TABLE I 


Antifibrinolytic activity of serum from healthy subjects and patients with various diseases * 











Tourniquet 


Platelet 
count 
per cu. mm. 


Bleeding 
time 
minutes 


petechiae 
No. 


Clot lysis time, minutes 
Dilution of serum 


Pro- 
thrombin 
utilization 


Clot 
retrac- 
tion 
% 





test 





1/10 1/20 1/30 1/40 Control 





275,000 3} 
224,500 
282,500 
279,100 
239,700 
274,000 
205,150 
271,350 
237,000 
301,100 
421,000 
372,500 
402,050 
393,180 
600,000 
420,000 
372,500 
379,000 
21,000 


27,000 
41,000 
37,000 


Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
. Normal 
. Normal 
. Normal 
. Normal 
. Chronic bleeding 
. Chronic bleeding 
. Chronic bleeding 
. Chronic bleeding 
. Chronic bleeding 
. Iron deficiency anemia 
. Iron deficiency anemia 
. Iron deficiency anemia 
. Idiopathic thrombocyto- 
penic purpura 
. Idiopathic thrombocyto- 
penic purpura 
. Idiopathic thrombocyto- 
penic purpura 
. Idiopathic thrombocyto- 
penic purpura 
. Idiopathic thrombocyto- 
penic purpura 
. Idiopathic thrombocyto- 
penic purpura 
. Idiopathic thrombocyto- 
penic purpura 
. Idiopathic thrombocyto- 
penic purpura 
. Idiopathic thrombocyto- 55,500 
penic purpura 
. Ac. lymphocytic leukemia <10,000 
. Ac. myelogenous leukemia 35,000 
. Ac. histiocytic leukemia 31,000 
. Ac. mono-myelocytic 32,000 
leukemia 
32. Ac. lymphocytic leukemia 
. Ac. monocytic leukemia 
34. Chr. myelogenous leukemia 
. Chr. myelogenous leukemia 
. Chr. myelogenous leukemia 
. Thrombocytoasthenia 
. Thrombocytoasthenia 
. Thrombocytoasthenia 
. Thrombocytoasthenia 


O90 SION C7 G0 NO 


< 10,000 
15,000 
25,000 
40,000 


< 10,000 
47,500 
1,050,000 
755,000 
643,000 
275,000 
301,500 
226,750 
224,500 


SOF OOCON COOK POUFH OWN 


se 


52 
10 
47 

9 

6 
49 
57 





* Cases 34—40 exhibit a partial deficiency of platelet function. 


Results which are abnormal are in italics. 


be noted that one or more but never all platelet functions are affected. 





HUMAN PLATELETS AS 


Ciot Lysis Time (minutes) 


SOURCE OF ANTIFIBRINOLYSIN 








1/20 


1fio 


Fic. 1. 


1/40 


Dilution of plasma 


1/0 


ANTIFIBRINOLYTIC ACTIVITY OF PLATELET-RICH PLASMA, PLATELET- 


Poor PLASMA AND A MIXTURE OF EguaL VoLuMEs oF BotH 


Average results of five experiments. 


(b) Relation between number of platelets and 
antifibrinolytic activity of normal plasma 


Platelet-rich and platelet-poor plasma were ob- 
tained as previously described (8). Platelet-rich 
plasma coutained an average of 300,000 platelets 
per cu.mm. and platelet-poor plasma of 4,000 
platelets per cuumm. A third series of samples 
were prepared by mixing platelet-rich and plate- 
let-poor plasma in equal volumes. Dilutions were 
Results are presented in Fig- 
ure 1. It is clear that platelet-rich plasma ex- 
hibited higher antifibrinolytic activity than platelet- 


in veronal buffer. 


poor plasma. Preparations containing intermedi- 


ate number of platelets also exhibited intermediate 
antifibrinolytic activity. 


(c) Antifibrinolytic activity of serum obtained by 
recalcification of platelet-rich or platelet-poor 
plasma 


Two samples of blood were collected with “Sili- 
cone technic” (9) using 1/10 volume of 0.2 M 
sodium citrate as anticoagulant. Platelet-rich 
and platelet-poor plasma were then obtained and 
recalcified by addition of 1/10 volume 0.2 M Ca 
Cl,. After incubation at 37°C. for one hour, se- 
rum was separated and tested for antifibrinolytic 
activity. Serum obtained from platelet-rich plasma 
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TABLE II 


Antifibrinolytic activity of serum obtained by recalcification of platelet-rich or platelet-poor plasma 
(ten experiments) * 








Dilution of serum 1/10 


1/20 1/30 1/40 Control 





min. 
101412 


Serum from platelet-rich plasma 
68+7 


Serum from platelet-poor plasma 


min. 
12+3.5 
12+3.2 


min, 
30+5 
17+4 


min. 
5448 
28+4 


min. 
76+10 
3745 





* Clot lysis time—Average value and standard deviation given (figures approximated to one-minute intervals). 


exhibited higher antifibrinolytic activity (Table 


IT). 


(d) Liberation of antifibrinolysin from platelet- 
rich plasma 


Platelet-rich plasma was repeatedly frozen and 
thawed. Observation of plasma after a number 
of these steps showed many platelet “ghosts” but 
also considerable clumping of platelets, prevent- 
ing actual determination of the number of platelets 
either intact or lyzed. 

The effect of repeated freezing and thawing, as 
shown in Table III, apparently resulted in in- 
creased antifibrinolytic activity. The same table 
shows, however, that such procedure, if continued 
for a long time, eventually resulted in loss of this 
effect. This was confirmed in a parallel experi- 
ment, when the fibrinolytic activity of serum left 
at 20°C. for three days was compared to that of 
another sample thawed and refrozen daily for 
three days. The second sample had negligible anti- 
fibrinolytic activity, which was, on the other hand, 
intact in the first sample which had been kept 
continuously frozen. 

Another technic consisted in adding to platelet- 
rich plasma 2/10 volume of either normal inac- 
tivated serum or of serum from a patient with 
idiopathic thrombocytopenic purpura exhibiting 
a high titer platelet agglutinin. After one hour 


of incubation at 37°C., many platelets appeared 
clumped and there were several platelet “ghosts,” 
possibly indicating platelet lysis. Liberation of 
antifibrinolytic activity by such serum is shown 
in Table IV. The results of Table V indicated 
that liberation of antifibrinolysin through the ac- 
tion of serum was also a function of the number 
of platelets available. 


(e) Liberation of antifibrinolysin from washed 
platelets 


Good antifibrinolytic activity was found after 
resuspending in equal volume of saline solution 
without washing, platelets separated from citrated 
plasma by centrifugation at 3,000 r.p.m. for 15 
minutes. On the other hand, Table IV indicated 
the very low antifibrinolytic activity of isolated 
human platelets washed three times with saline 
solution. Equally negative results were obtained 
after treating washed human platelets with re- 
peated freezing and thawing either in the absence 
or in the presence of a small volume of normal 
human plasma or serum, addition of saponin 
(0.007 per cent), thrombin, acetone. The addi- 
tion of serum from patients with idiopathic throm- 
bocytopenic purpura was also ineffective. None 
of these agents, which clumped platelets heavily, 
were able to liberate antifibrinolysin from washed 
platelets. 


TABLE Ill 


The effect of repeated freezing and thawing on antifibrinolytic activity of platelet-rich plasma 
(ten experiments) * 








10 


Dilution of plasma 1, 


min. 
Platelet-rich plasmaf 8749 
Platelet-rich plasma, 3 X 
frozen and thawed 
Platelet-rich plasma, 12 X 
frozen and thawed 


158+20 
3444 


Control 


1/20 1/30 1/40 





min. 


12+3 


min. 


2144 


min. 


3845 


min. 
5847 
12+2 
12+3 


87+11 6347 42+4 


25+4 18+3 14+2 





* Clot lysis time—Average value and standard deviation given (figures approximated to one-minute intervals). 
+ Containing 300,000 platelets+ 20,000 per cu. mm. 
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TABLE IV 


Liberation of antifibrinolysin from platelet-rich plasma on addition of inactivated serum from patients 
with idiopathic thrombocytopenic purpura * 








Dilution of plasma 


1/10 


1/20 1/30 1/40 Control 





min. 
86+8 
101+16 


Platelet-rich plasmat 

Platelet-rich plasma + normal serumt 

Platelet-rich plasma + serum of patient with 
idiopathic thrombocytopenic purpurat 

Platelets in salinet 

Platelets in saline + serum of patient with idio- 
pathic thrombocytopenic purpuraft 


153418 
18+4 


2244 


min. 
12+4 
1342 


min. 
2443 
3i+4 


min. 
3646 
48+5 


min. 
62+7 
79+8 


11+4 
12+3 


5347 
1342 


98+12 
15+3 


18+5 


7347 
1343 
11+3 


154 1544 





* Clot lysis time—Average value and standard deviation given (figures approximated to one-minute intervals). 


t Containing 300,000 platelets+ 35,000 per cu. mm. 


t Two-tenths ml. of serum from patient with chronic idiopathic thrombocytopenic purpura (containing platelet 
agglutinin with titer 1/128) or normal donor added to 0.8 ml. of platelet-rich plasma or platelet suspension in saline. 


DISCUSSION 


The experiments reported should be interpreted 
with caution. The mixed use of reagents of hu- 
man and bovine origin and the necessity of using 
anticoagulants, which inhibit to a certain degree 
the activity of antifibrinolysin, may have, at least 
in part, vitiated the findings. For these reasons, 
it was felt necessary to overcome some of these 
difficulties by a multiple experimental approach 
to the problem. 


Even so, conclusions suggested by the preceding 


experiments are only tentative. Antifibrinolytic 
activity of plasma and serum, however, appears 
related to platelets and to their number. Thus, 
serum of patients with thrombocytosis exhibits 
higher antifibrinolytic activity than normal serum, 
and this, in turn, is more active than serum from 
patients with quantitative (thrombocytopenia ) 
or qualitative (thrombocytoasthenia) platelet de- 
ficiency. It is significant to note that serum from 
patients with idiopathic thrombocytopenic pur- 
pura exhibits perhaps higher antifibrinolytic ac- 


tivity than that from patients with the secondary 
type of thrombocytopenia (acute leukemia or 
aplastic anemia), a finding for which we have no 
explanation at this time. 

Experiments in vitro have also confirmed the 
relationship of number of platelets to antifibrino- 
lytic activity. This is higher in platelet-rich than 
in platelet-poor plasma and in serum from platelet- 
rich than in serum from platelet-poor plasma. 
Yield of antifibrinolytic activity, possibly through 
the lytic effect of serum from patients with idio- 
pathic thrombocytopenic purpura, is largest in 
piasma containing the highest number of plate- 
lets. There seems to be sufficient evidence to 
state that antifibrinolysin in human blood is, at 
least in part, related to platelets, or to platelet 
products or represents material bound to or car- 
ried by platelets. The experiments, however, 
do not answer definitely the question whether anti- 
fibrinolysin constitutes an intimate component of 
platelets or is simply carried by them. The en- 
hancement of antifibrinolysin activity in platelet- 
rich human plasma by repeated freezing and thaw- 


TABLE V 


Liberation of antifibrinolysin from platelet-rich plasma on addition of inactivated serum from patient with 
idiopathic thrombocytopenic purpura (six experiments) * 








Dilution of plasma 1/10 


1/20 1/30 1/40 Control 





—— min, 
800,000/cu. 
600,000/cu. 


Platelet number mm. 


mm. 


102+12 
89+10 


min. 
1344 
1343 


min. 
2744 
2444 


min, 
4347 
41+7 


min. 
72+11 
60+9 


78+9 54+7 3445 20+3 13+2 


13+4 
1343 


300,000/cu. 
150,000/cu. 7248 49+7 27+6 19+4 
20,000/cu. 6149 43+6 2445 15+2 


Two-tenths ml. of serum from patient with chronic idiopathic thrombocytopenic purpura 
(containing platelet agglutinin with titer 1/128) added to 0.8 ml. of platelet-rich plasma. 


mm. 
mm. 
mm. 





* Clot lysis time—Average value and standard deviation given (figures approximated to one-minute intervals). 
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ing and by addition of serum from patients with 
idiopathic thrombocytopenic purpura seems to in- 
dicate that antifibrinolytic activity is liberated as 
platelets are destroyed. On the other hand, no 
antifibrinolysis can be obtained from human plate- 
lets after repeated washing. It is still present, 
however, if platelets are only separated from 
plasma by single centrifugation and resuspended 
in saline solution. This last experiment could be 
interpreted as evidence that antifibrinolysin may 
be washed away from platelets. 

The discrepancy between the various experi- 
mental results may best be explained by a num- 
ber of considerations. It appears, first of all, diffi- 
cult to lyze platelets which have been washed 
free of plasma or serum. Also, antifibrinolysin 
might have been lost during the process of sepa- 
ration and washing of platelets. It appears un- 


likely that a factor or factors present in serum or 
plasma may be necessary for the release of anti- 
fibrinolysin from platelets since addition of serum 
or plasma to washed human platelets fails to 
increase antifibrinolytic activity of the mixture, 
beyond the antifibrinolytic activity supplied by 


serum or plasma themselves. Whether platelets 
contain or carry antifibrinolysin is not clearly 
demonstrated by these experiments. These stud- 
ies, nevertheless, raise the question whether plate- 
lets may not only contain but also carry factors 
with important biological function and other cir- 
culating chemicals. 

Recent work has shown the presence in plate- 
lets of a number of factors which are specifically 
active in various phases of the hemostatic process 
(10). It appears that at least some of them may 
represent agents carried by or absorbed into the 
platelets rather than intimate constituents of plate- 
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lets. Thus it is thought by some investigators 
(11) that serotonin, adrenalin (11), perhaps his- 
tamine are possibly absorbed on platelets. Ad- 
ministered Dextran may coat the platelet surface 
(12). None of the experimental results pre- 
sented contradict the conclusion that antifibri- 
nolysin also may be carried by or absorbed into 
platelets. 

Finally, the observations reported here may 
have clinical significance. As mentioned in the 
introduction, increased fibrinolysis may be en- 
countered in patients with severe secondary 
thrombocytopenia (aplastic anemia, acute leu- 
kemia) and be accompanied by severe purpura. 
We have recently encountered one such case. 
Transfusion of platelets as platelet-rich plasma, 
but not of separated, washed human platelets in- 
duced considerable decrease in the bleeding mani- 
festations which was accompanied by reduction 
of fibrinolysis and increased antifibrinolytic ac- 
tivity of serum (Table VI). 


SUMMARY 


1. Antifibrinolytic activity of serum is higher 
in patients with thrombocytosis than in patients 
with quantitative or qualitative platelet deficiency. 
In vitro, antifibrinolytic activity of plasma is di- 
rectly proportional to the number of platelets avail- 
able and, in platelet-rich plasma, is enhanced by 
procedures leading to lysis of platelets (repeated 
freezing and thawing, addition of platelet-lytic 
serum). No antifibrinolysin, however, may be 
obtained from human platelets washed repeatedly. 
Addition of plasma or serum to washed platelets 
also fails to release antifibrinolysin. Thus, whether 
platelets contain, carry or absorb antifibrinolysin 
requires further investigation. The available evi- 


TABLE VI 


Effect of platelet transfusion (platelet-rich plasma) on serum antifibrinolytic activity in a patient 
with acute histiocytic leakemia * 








1/20 


Platelet 


Control count 
(Direct method)/ 


1/30 1/40 





Dilution of serum 


Clot lysis time, minutes 


cu.mm. 





Before transfusion 
After transfusion 5 min. 
2 hrs. 
24 hrs. 
48 hrs. 
72 hrs. 


12,000 
125,000 
105,000 

65,000 

39,000 

18,000 





* Patient, 29 year-old male, weight 110 pounds, received 250 ml. of platelet-rich polycythemic plasma containing 


1,100,000 platelets per cu.mm. 
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dence seems to suggest that platelets are carriers 
of antifibrinolysin. 

2. Elevated fibrinolytic activity may be seen 
in patients with severe thrombocytopenia. The 
finding may be explained in some instances by 
low blood antifibrinolytic activity, which, in such 
cases, may become an important pathogenetic 
factor of bleeding. 
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Coxsackie viruses are defined by their viru- 
lence for infant mice and hamsters and their in- 
ability to induce manifest disease in adults of these 
species. It has been shown that the administration 
of cortisone to the adult mouse changes this state 
of intrinsic resistance to one of marked suscepti- 
bility resulting in death (1). This dramatic effect 
is brought about only with those strains of Group 
B (pleurodynia) Coxsackie virus which can mul- 
tiply to some extent in the adult mouse in the ab- 
sence of cortisone (2). Infection of normal adult 
mice with Group B viruses, types 1 and 3, re- 
sults in non-fatal disease associated with patho- 
logic changes largely confined to the pancreas 
(3, 4). The administration of cortisone results 
in prolonged viremia and persistence of virus in 
the lung and brain (4). 

In the present investigation efforts had been 
made to effect a lethal adaptation of a strain of 
Group B, type 3 virus to the adult mouse by serial 
passage in the cortisone-injected host. The virus 
employed was recovered directly in cortisone- 
injected adult mice from the stool of a patient with 
epidemic pleurodynia, without intervening passage 
in infant mice. On the 11th passage, gross ne- 
crotic lesions of the myocardium were discovered. 
The nature and pathogenesis of these lesions are 
the subject of this paper. 


MATERIALS AND METHODS 


Virus—A virus (1302) recovered from a pleurodynia 
patient’s stool in New Jersey in 1950 by the senior au- 
thor was used in most experiments. The line of virus 
designated “infant mouse virus” was recovered from the 


1 This investigation was supported in part by a grant 
from the Life Insurance Medical Research Fund. 

2 A preliminary report of this work was presented be- 
fore the Central Society for Clinical Research on Oc- 
tober 30, 1953. 

3 Present address: Department of Public Health and 
Preventive Medicine, Cornell University Medical Col- 
lege, New York, N. Y. 


same stool and passed exclusively in infant mice by in- 
traperitoneal inoculation of whole carcass suspensions. 
The history of the adult mouse strain is detailed in 
Table I. We are indebted to Dr. Gilbert Dalldorf for 
his classification of this agent as a Group B, type 3 
Coxsackie virus. The Conn. 5 strain of Group B, type 
1 virus and another Group B, type 3 strain supplied by 
Dr. Dalldorf were employed in one experiment. Both 
strains had previously been passed only in infant mice. 

Antibiotics—Viral suspensions were inoculated in 0.5- 
cc. volumes which included final concentrations of 10 
units of penicillin and 1 mg. of streptomycin per cc. 
Control saline injections also included both antibiotics. 

Cortisone—Cortisone was administered in the form 
of Cortone® (Merck) in 1 to 5-mg. dosage subcutane- 
ously. Control mice received the suspending agent used 
in this preparation. 

Mice—Sixteen to twenty Gm. male CFW mice were 
used in all experiments. Infant mice were of the same 
strain and were less than 48 hours old when inoculated. 

Infectivity titrations—Infectivity titrations in adult 
mice were effected by the intraperitoneal injection of 
0.5-cc. amounts of virus dilutions in groups of four mice 
concomitantly given 5 mg. of cortisone subcutaneously. 
LD,, was calculated in the usual manner. Mice were 
observed for 10 days. 

Scoring of lesions—A quantitative estimation of the 
extent of gross myocardial necrosis was made according 
to the following scoring system: lesions involving 10 
per cent or less of the myocardial surface, 1; 10 to 30 
per cent, 2; 30 to 50 per cent, 3; > 50 per cent, 4. The 
cumulative score of a group of mice was determined by 
(n X 1) + (n X 2) 

total n x 4 
mum possible score. 

Preparation of immune serum—Specific immune serum 
against the 1302 strain was produced by intraperitoneal 
injection of thirty 25 to 30-Gm. adult mice with 0.5 cc. of a 
10° No. 2 Coor’s filtrate of suckling mouse suspension 
containing infective virus. After 21 days mice were bled 
from the heart and sera pooled. 

Histologic examination—Tissues were fixed in Bouin's 
solution for one hour. Paraffin block sections were 
stained with hematoxylin and eosin. 

Tissue cultures—Hela cell cultures were obtained as 
tubes of monolayer cultures from Microbiological Asso- 
ciates, Inc. Monolayer monkey kidney cultures were 
obtained through the courtesy of Dr. Henry Gelfand 
from the laboratory of Dr. John P. Fox. 


etc., when n X 4= maxi- 





the formula 
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MYOCARDITIS INDUCED BY 


RESULTS 
Adaptation of 1302 virus to adult mice 


In the sense of selecting or inducing mutation of 
a viral variant lethal for the adult mouse, adapta- 
tion has not been accomplished. However, study 
of Table I will demonstrate that a measure of 
adaptation to the cortisone-injected mouse has 
been effected as indicated by the greater extent of 
myocardial necrosis in later passages. Passage 
without cortisone resulted in multiplication of 
virus in the myocardium, but no gross myocardial 
disease (passages 18-21, Table 1). 


The occurrence of gross myocardial lesions 


The first ten viral passages were effected by 
brain suspensions until cardiac lesions were noted, 
by chance, on the 11th passage. Subsequently, 
the 15th to 22nd passages were made with heart 
suspensions after myocardial lesions were con- 


12 to 14. The 


rrossly evident lesions are illustrated in Figure 1. 
» db 


sistently observed in passages 
Microscopic examination (Figure 3) defined these 
lesions as large areas of necrosis characterized by 
degenerating muscle fibers showing fragmentation, 
“smudging,” and fre- 
of the de- 


generating fibers were anuclear or had pyknotic 


” 


cytoplasmic granularity or 


quently, increased basophilia. Many 


nuclei. Fragments of nuclear debris were fre- 
quently seen scattered through the areas of ne- 
crosis. There was a mild to moderate degree of 
infiltration of the areas of necrosis by large and 


Fic. 1. 


(Scale in millimeters.) 


PLEURODYNIA VIRUS AND 


Gross Lesions INDUCED BY VIRUS 


CORTISONE 


TABLE I 


Serial passage of 1302 virus in cortisone-injected adult mice * 


Cardiac 
lesions 


Virus Inoc. Cortisone 
source Dilutiont route dose 


Passage 


a) 


‘am 


ic: 
i.p. 
i.p. 
i.p. 
i.p. 
i.p. 
i.p. 
i.p. 
i.p. 
£:C. 
i.p. 
i.p. 
i.p. 
i.p. 
i.p. 
i.p. 
i.p. 
i.p. 
i.p. 
i.p. 
i.p. 
i.p. 


Stool 

Brain 
Brain 
Brain 
Brain 
Brain 
Brain 
Brain 
Brain 
Brain 
Brain 
Brain 
Brain 
Brain 
Heart 
Heart 
Brain 
Heart 
Heart 
Heart 
Heart 
Heart 


COND Se WN 
woocw 


LP? LF LP? LP LF LP LP AT 


— 


ee 
oooooooo 


Cw 


> 


MOAN RK II 


RMD DY DPV NY DY NS DO NO ND NS DN IN DN IN FRO * DO UT 


Tt 


* C ortisone din was tend in passages 8-12 in an 
effort to assess the degree of adaptation of the virus. In- 
duction of lethal disease in all animals was not effected by 
the lower dose, so that the original dosage regimen was 
resumed. 

t Log of dilution. 

t Small areas of necrosis and cellular infiltration evident 
on microscopy of repetitions of this passage. 

§ Hearts not examined for le sions. 

Grossly apparent cardiac lesions. 

€ Cardiac lesions not grossly apparent. 

instances, 


small mononuclear cells, and in many 


polymorphonuclear leukocytes were noted scat- 


tered throughout the infiltrate.‘ 


4 The authors are indebted to Dr. 
assistance in the interpretation of tissue sections. 


Alan Rabson for his 
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Gross Lesions ASSOCIATED WITH CoRTISONE INJECTION ALONE 


(Arrow) 


The large white area on the left is an artifact of light reflection 


light). 


Myocardial lesions in control mice injected with 
cortisone 


The sporadic occurrence of tiny but grossly 
evident heart lesions in mice given cortisone 
alone (Figure 2) prompted section and micro- 
scopic examination of these hearts. As is dem- 
onstrated in Figure 4, the predominant lesion in 
grossly damaged hearts was found to be a coagu- 
lation necrosis with minimal cellular infiltration 
which was frequently associated with periarteritis. 
However, section of hearts without gross necrosis 
from cortisone-injected animals revealed only focal 
necrosis and infrequent evidence of vasculitis and 


Fic. 3. MyocarpraAL Necrosis INpUCED By VIRUS AND 
CorTISONE 


(high 


valvulitis. Evidence that the cortisone lesions dif- 
fer from those associated with administration of vi- 
rus, or virus plus cortisone, is summarized in Table 
II. The sharply focal nature of the necrosis and in- 
constant occurrence of gross lesions together with 
their lack of transmissibility are arguments against 
their identity with Coxsackie virus-related lesions. 
Lesions associated with cortisone alone appeared 
to differ as well from previously described “spon- 
It is of interest 


’ 


taneous” murine carditis (5, 6). 
that gross cardiac lesions were reported in 17 per 
cent of rats given large amounts of cortisone ace- 
tate (7). 


defined. 


The nature of these lesions was not 


MyocarpIAL LESION ASSOCIATED WITH 


CorTISONE ALONE 


Fic. 4. Foca 
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TABLE II 


Comparison of myocardial lesions associated with 
virus and cortisone * 





Virus + 
Cortisone 


: werner 5 aa 
Diffuse Focal 


Virus 
Incidencet 25% 
Distribution Focal 
Extent + ++++ + 
Cell infiltrate ++ ++ + 
Necrosis 4 ++ + + 
Periarteritis 0 0 + 
Valvulitis 0 0 + 
Transmissibility + + 0 
Specific neutralization ae + 0 


Cortisone 


* Cumulative experience of six experiments in which 
mice were examined 6 to 12 days after inoculation. 
+ Based on examination of 76 mice for gross lesions. 


In Figure 5, reference may be made to a normal 
mouse myocardium. 


The influence of cortisone administration on the 
induction of myocardial lesions in infected mice 


In mice injected with virus alone, gross cardiac 
lesions were seldom observed until 9 to 12 days 
after inoculation, although infiltrative lesions with 
minimal necrosis (Table IL) were occasionally 
noted by microscopy. The supplementary admin- 
istration of cortisone at the same time or as late 
as three days after viral inoculation resulted in 
gross myocardial necrosis which became evident 
five days or more after initiation of infection. A 
typical experiment is presented in Table III. 
That gross necrosis is not related to virus con- 
centration per se is suggested by the high titer of 
virus in mice without gross lesions which had 
received virus only although persistence of virus 
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Fic. 5. Normat Mouse Myocarpium 

is suggested in mice given cortisone on the 5th 
day. Examination of Figure 6 reveals the lack 
of effect of cortisone on the rate of myocardial 
This fact together with the obser- 
vation that cortisone may induce necrosis when 
given near the peak of viral increase indicate that 
necrosis probably is not related to modification of 
viral multiplication. 


viral increase. 


Prevention of myocardial lesions with specific 
viral antiserum 


The dependence of gross myocardial necrosis 
on the injection of virus is illustrated by the ab- 
sence of lesions in mice which received a mixture 
of late passage 1302 virus and specific 1302 anti- 
serum (Table IV). 


TABLE III 


The influence of cortisone administration on the induction of myocardial lesions 











Hearts 
examined 


Cortisone 
Group 4 given d/t 


none 
Day 1* 


0/8 


Day 5 
5 3/8 


Day 


0/8 
5/8 


0/8 
0/8 


Day 
Day 


none 

Day 3 
Day 
Day 


5 none 
6 Day 5 


Cardiac 
virus 
inf. titer 

6.0 
>6.3 


Cardiac lesion scoret 





0000000 
$58 S55°6°5 


0 0 > 
ee ae ‘ 


6. 
6. 
4. 
S. 





* 1 day after injection of 10~ dilution of 18th passage virus. __ 
t 3—Lesions grossly involving 30 to 50 per cent of the myocardial surface. 
1—Lesions grossly involving 10 per cent of the myocardial surface. 


O—No grossly evident lesions. 
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mice injected with 
cortisone (5 mq) 
e-« control mice 


_—dit 


Log infectivity titer 








Days after viral inoculation 
Fic. 6. COMPARATIVE INCREMENTAL CURVES OF Myo- 
CARDIAL Virus IN Mice WITH AND WITHOUT CoNCOMI- 
TANT CorTISONE (19TH PASSAGE) 
Each point represents the titration end-point of pooled 
myocardial suspensions from five mice. 


Myocardial lesions in infant mice 


Neither gross nor microscopic lesions have 
been observed in paralyzed infant mice infected 
with either the infant mouse or adult mouse line 
of 1302 virus. Observations have not been ex- 
tensive, but have been sufficient to establish that 
myocardial lesions must be considerably less com- 
mon in infant mice than in cortisone-injected 


adults. 


Multiplication of infant mouse 1302 virus in the 
hearts of adult mice not injected with cortisone 


The capacity of 1302 virus to increase in the 
myocardium without previous adult mouse pas- 
sage has been demonstrated by inoculation of un- 
treated adult mice with infant mouse virus. As- 
say of 10 pooled hearts removed at the 4th day 
revealed an LD,,, titer of 10°. 


Multiplication of virus in hearts of normal adult 
mice on primary isolation from human feces 


An experiment was designed to determine 
whether clinically inapparent intracardiac multipli- 
cation of virus might occur in the absence of corti- 


sone on direct isolation of virus from human mate- 
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rial inadult mice. A 10° suspension of feces (from 
which a virus immunologically identical with 1302 
had been previously recovered) was injected into 
eight adult mice. Four mice received cortisone 
at the time of inoculation; all were dead by the 
fourth day. The remaining four mice were killed 
on the seventh day and their hearts removed for 
assay of virus in cortisone-injected adult mice. 
The infectivity titer of 10-* of the cardiac homoge- 
nate demonstrated the inherent capacity of this 
virus to propagate in cardiac tissue in the absence 


of exogenous cortisone. 


Biological properties of 1302 virus passed in adult 
mice; avirulence for human and simian tissue 


culture 


Because of the demonstrated cytopathogenicity 
of Group B Coxsackie viruses in tissue culture 
(8-10), attempts were titrate adult 
mouse 1302 virus by this convenient method. 


made to 


Surprisingly, cytopathogenic effects were not noted 
by the seventh day in either human (Hela) or 
Monkey (kidney ) cell cultures, despite the demon- 
strable cytopathogenicity of the infant mouse line 
of the same virus (Table V). Further study of 
this phenomenon is illustrated in Figure 7. Two 
attempts to induce tissue culture cell damage with 
mouse virus were unsuccessful on initial 
passage. Although multiplication of virus was 


not demonstrable in Hela cells, extensive increase 


adult 


in virus not associated with visible cytopathogenic 
effects occurred in monkey kidney tissue. Such 
virus remained adult-mouse virulent but even on 
second passage was relatively avirulent for tissue 
culture (7.e., cytopathogenic in lower dilution). 
Even passage of adult mouse virus in infant mice 


rABLE IV 


Prevention of myocardial lesions with specific 
1302 viral anti-serum 


Mice injected with Myocardial lesions 


Micro 


Corti 
scopict 


Serum sone 


Normal* + 4/4 
P+ Anti-viral + 0/4 
r 0 + 0/4 
f Saline 0 0/4 

Saline a 4/4 


Virus Gross 


* Pooled serum from normal mice. 
+t Two hearts from each group sectioned at three levels. 
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rABLE \ 


Avirulence for human and simian tissue culture of 
virus passed in the adult mouse 


Virus titer in: 
Monkey 
kidney 
tissue 
culture 


Hela j 
cell 
tissue 
culture 


Virus passed Adult 


only in 
Adult mice <2.0 
Infant mice 5. a 4.0 


did not immediately induce tissue culture patho- 
genicity. In contrast, 1302 infant mouse virus 
showed comparable titration end points in both 
adult mice and monkey kidney tissue. Thus, pas- 
sage in the adult mouse has resulted in the emer- 
gence of virus which differs in at least one biologi- 
cal property from the same isolate passed in infant 


mice, 


Comparative incidence and degree of gross and 
microscopic myocardial lesions in mice infected 
ina single experiment with different strains of 


VITUS 


Although the cumulative experience of the 
previously described experiments afforded clear 
evidence concerning the relative occurrence of 
cardiac lesions in cortisone and _ virus-injected 
mice, strict comparative assessment of lesion 
incidence could not be made from data available 
because of the differing observation periods of 


experiments (Table II). To determine more 


TABLE 


PLEURODYNIA VIRUS AND CORTISONE 


ADULT Mouse Virus 
(Exp 1) 





Adult Tissue culture 
(10 (<107?) 


Adult mice Tissue culture 
(10°*?) (10°) 





Infant mice 
(10°?) 
} ADULT Mouse Virus 


Exp 2 
Tissue culture Adult mice | ee 


(10"') (10°) Adult mice 
| (10°45) 


Tissue culture 
(<10°*) 


Tissue culture 
(10°>*) 


INFANT Mouse Virus 





| 


Tissue culture 
(10°55) 


oa 


Adult mice Tissue culture 
5 
(10°>”) (10°) 
REDUCED VIRULENCE OF ADULT MousE Virus 
FOR MONKEY KiIpNEY TISSUE CULTURE 


Adult mice 
(10°*”) 


Fic. 7. 


Inapparent multiplication of mouse-virulent virus. In- 
fectivity titration end points (LD,—mouse, and TCD,,— 
tissue culture) are indicated parenthetically. 


definitively the incidence and degree of cardiac 
necrosis, an experiment was devised in which 222 
mice which averaged 19.5 Gm. in weight were 
inoculated on the same day. Subsequently, all 


VI 


Comparative incidence and degree of gross myocardial lesions in mice infected in a single experiment with 
different strains of Group B Coxsackie viruses * 
(Based on examination of 160 mice) 


Cortisonet 


Virus Strain 


B-3 1302 A : none 
B-3 1302 A d + 
B-3 1302 I 3. + 
B-3 Dalldorf I ai + 
B-1 Conn 5 I . + 
Saline + 
Saline none 





Gross lesions 


Incidence 


0/25 1/24 4.1 
15/46 19/31 61.3 
30/45 4/9 44.4 

7/25 11/18 61.0 

3/31 3/28 10.7 

0/25 1/25 4.0 

0/25 0/25 0.0 


Score 
1/96 
45/124 
6/36 
20/72 
3/112 
1/100 
0/100 


Mortality§ 


* A—Virus previously passed only in adult mice; I—Virus previously passed only in infant mice. 


t Log of LD. 


t Dose—5 mg. subcutaneously. 
§ Cumulative at the 6th day. 
| Gross lesions: 


Cumulative actual score of group. 
All lesions graded on the 6th day of infection. 


Number dead/total in group. 

Incidence — fraction of group exhibiting lesions 1+ or greater. 
of mice examined X 4 when 4 is the maximum possible lesion score (50 per cent of myocardial surface). 
Percentile expression makes possible comparison of scores in groups of varying size. 


Score — Denominator = Number 
Numerator = 
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rABLE VII 
Incidence of microscopically evident myocardial necrosis. Microscopic examination of selected* hearts 
from experiment detailed in Table VI 


Necrosis 
Perivascular 
infiltration 


None 
None 
None 
None 
None 
2/10t 
None 


Cortisone Focal Disseminated 


None 


+ 


Strain 


1302 A 
1302 A 
1302 | 
Dalldorf | 


Conn 5 | 


Virus 


B-3 
B-3 
B-. 
B-3 
B-1 
Saline 
Saline 


Group 


+ 


+ 


mm 


id. 


- None 
None 


None 


NOU wre 


* Selected to include hearts with gross lesions in Groups 5 and 6 and without gross lesions in Group 2. Two longitu- 
dinal sections were made of each heart; lesions in either section scored heart as positive for necrosis. 


t Number of hearts which showed lesions out of total number examined. 


t In 2 hearts which showed necrosis. 


survivors were killed and examined for gross 
The 
protocol of this experiment is presented in Table 
VI. 
was employed in comparable dosage in an en- 
deavor to answer the following questions: 1) 
Was the cardio-necrotic effect of 1302 virus lim- 
ited to this strain or could necrosis be induced by 
another B-3 virus (Dalldorf strain)? 2) Might 
the infant mouse line of 1302 virus induce cardiac 


cardiac lesions six days after inoculation. 


In this experiment a number of viral strains 


necrosis comparable to that associated with the 
adult mouse virus? 3) Could a Group B virus 
of another antigenic type (B-1, Conn. 5) induce 
myocardial necrosis? 4) Was “spontaneous” myo- 
cardial necrosis present in control mice which re- 
ceived neither cortisone nor virus? 

In Table VI, the incidence and extent (score) 
of grossly discernible lesions in mice which re- 
ceived differing inocula are compared. It may 
be seen that: 1) Administration of virus (1302 
adult) alone did not kill mice and induced gross 
necrosis in but one heart in this short observation 
period; 2) with cortisone and the same virus al- 
most one-third of the animals had succumbed by 
the 6th day and three-fifths of survivors exhibited 
gross cardiac necrosis; 3) the infant mouse line of 
1302 virus was rapidly lethal, and did, indeed, 
induce gross myocardial necrosis in almost half 
the survivors, but this necrosis was less than half 
as extensive as that associated with the adult 
mouse virus; 4) another Group B, type 3 virus 
was similarly cardio-necrotizing with cortisone; 
5) Group B, type 1 virus (Conn. 5) was associ- 
ated with necrosis of minimal extent in but three 
of 28 survivors; 6) only one animal which re- 


ceived cortisone without virus incurred a gross 
myocardial lesion; 7) no gross lesions were ob- 
served in mice which received neither virus nor 
cortisone. 

The possibility was considered that grossly in- 
apparent but microscopically detectable necrosis 
might be present in hearts of mice in the control 
groups which had received cortisone alone, or 
neither virus nor cortisone. Ten hearts from 
each of these groups were sectioned longitudinally 
at two levels and carefully studied for histological 
abnormalities. Results of this study are sum- 
marized in Table VII, together with the results of 
an examination of five hearts from each group 
which received a viral inoculum. It will be seen 
that disseminated myocarditis predominated in 
animals which received B-3 viruses and cortisone. 
The negligible cardio-necrotic effect of B-3 virus 
without cortisone or of B-1 virus even supple- 
mented with cortisone was demonstrated, parallel- 
No necrosis was dem- 
However, 


ing the gross observations. 
onstrated in “normal” control mice. 
microscopy revealed that 50 per cent of hearts 
from mice which received only cortisone had small 
focal areas of necrosis, associated in two instances 
with the perivasculitis described earlier. 
The extent of necrosis noted with B-1 
and cortisone did not exceed that associated with 
cortisone alone so that present evidence suggests 
that B-1 virus, or at least the strain employed, 
does not possess the marked cardiopathogenicity 
which characterizes the three B-3 strains studied. 
Although some enhancement of the myocardial 
pathogenicity of the 1302 strain has attended its 


virus 


passage in the cortisone-injected adult mouse, it 
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is strongly suggested that the cardio-necrotic ef- 
fect of the 1302 strain is related neither to its 
passage history nor to its characteristics as an 
isolate, but rather to the fact that it is a Group B, 
type 3 Coxsackie virus. 


DISCUSSION 


The present study has established beyond per- 
adventure that gross myocardial necrosis may be 
effected by injection of cortisone into the adult 
mouse infected with a Coxsackie virus intrinsically 
capable of multiplication in the myocardium. 
Neither virus multiplication or cortisone adminis- 
tration alone induced lesions comparable in inci- 
dence or extent to those associated with adminis- 
So too, the 
induction of lethal infection was dependent on the 
Although earlier 
studies have demonstrated the marked influence of 


tration of both virus and hormone. 


administration of cortisone. 
cortisone on the multiplication of influenza B 
virus (11, 12), significant effects on multiplication 
of 1302 virus have not been shown. In contrast, 
studies with unadapted influenza B virus in mice 


have demonstrated the selection on passage of 


virus partially “dependent” on cortisone for both 


multiplication and pathogenicity (13). However, 
only the cardio-pathogenic effects of 1302 virus 
may be described as cortisone-dependent. 

Delay of cortisone injection until the peak of 
influenza B virus increase in eggs results in 
diminished inflammation and prolonged survival 
(14), yet opposite effects are observed with 1302 
virus infection and delayed cortisone treatment. 
This fact buttresses other evidence that necrosis 
is not the result of attainment of critical concen- 
trations of cardiac virus per se, but is more directly 
effected by cortisone. 
of myocardial lesions associated with cortisone 


In view of the occurrence 


administration alone, it appears possible that car- 
diac necrosis results from the synergistic influ- 
Thus, histo- 
logically inapparent damage resulting from the 


ence of virus and cortisone toxicity 


insult of either agent alone may be compounded 
to overt necrosis in the presence of both in com- 
bination. This hypothesis is no less attractive if 
cortisone-induced focal necrosis is thought to re- 
sult from activation of a latent infective agent in 
situ. Against this possibility are the apparent 


non-transmissibility of the disease in the pres- 
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ent investigation and the occurrence of cortisone- 
induced damage in two species other than the 
mouse in skeletal muscle (15) as well as cardiac 
(7) sites. 
has also been reported (16). 

The apparent restriction of perivascular inflam- 


Skeletal muscle necrosis in the mouse 


mation to the hearts of animals which received 
It might 
be inferred that in some manner viral invasion 


only cortisone is deserving of comment. 


“protects” the hearts of animals subjected also to 


cortisone administration. Such an_ inference 
might imply a viral etiology of cortisone-induced 
lesions and possible interference between viruses. 
This explanation would, of course, conflict with 
the hypothesis of synergistic damage advanced 
above, unless it were postulated that the qualita- 
tive nature of the pathologic reaction were modified 
by two agents in combination. A definitive answer 
to this question will depend on further study. 
The demonstrated cardiotropicity of B-3 virus 
is of more than academic interest in view of the 
reports by Gear that a Coxsackie virus of the same 
antigenic type may induce fatal myocarditis in 
human infants (17, 18). It is not unreasonable 
to speculate on the possible conversion of the be- 
nign pleurodynia of adults to more serious, if not 
fatal, disease by the stimulus of endogenous or ex- 


ogenous corticosteroids. 


SUMMARY 


1. The administration of cortisone to adult mice 
infected with Group B, type 3 Coxsackie virus 
results in extensive and disseminated myocardial 
necrosis. 

2. The separate administration of virus or cor- 
tisone results in minimal and inconstant focal 
necrosis which is rarely evident on gross inspection. 

3. In the absence of exogenous cortisone virus 
may multiply to a high concentration in the myo- 
cardium without inducing microscopically ap- 
parent pathologic change. Multiplication of the 
virus is not manifestly influenced by cortisone. 

4. The gross necrosis associated with injection 
of virus and cortisone is prevented by concomitant 
injection of specific viral antiserum. 

5. The induction of myocardial necrosis is not 
dependent on a virulent adaptation of virus to the 
adult mouse, but may be effected with virus previ- 


ously passed only in infant mice. 
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6. Two different strains of Group B, type 3 
virus were cardionecrotizing in contrast to the 
equivocal myocardial pathogenicity of a Group B, 
type 1 virus also capable of multiplication in the 


adult mouse. 


7. It is postulated that the myocardial necrosis 


observed is not the indirect result of an influence 
of cortisone on viral multiplication, but rather the 
result of a synergistic toxicity of cortisone and an 


intrinsically cardiotropic virus. 


REFERENCES 


Kilbourne, FE. D., and Horsfall, F. L., Jr., Lethal 
infection with Coxsackie virus of adult mice given 
cortisone. Proc. Soc. Exper. Biol. & Med., 1951, 
77, 135. 

Sulkin, S. E., Wallis, H. C., and Donaldson, P., Dif- 
ferentiation of Coxsackie viruses by altering sus 
ceptibility of mice with cortisone. J. Infect. Dis., 
1952, 91, 290. 

Pappenheimer, A. M., Kunz, L. J., and Richardson, 


S., Passage of Coxsackie virus (Connecticut-5 
strain) in adult mice with production of pancreatic 
disease. J. Exper. Med., 1951, 94, 45. 

Kilbourne, E. 

Lenke, S. E., 
bling Aschoff bodies in mice. 
17, 857. 

. Gray, F. G,, 
Their bearing on attempts to produce experimental 
carditis. Am. J. Path., 1949, 25, 1215. 

. Ingle, D. J., 
Effects of administering large doses of cortisone 


Am. J. Physiol., 1951, 166, 


D., Unpublished data. 
Cardiac lesions resem- 
Am. J. Path., 1941, 


and Loewe, L., 


Spontaneous cardiac lesions in mice. 


Prestrud, M. C., and Nezamis, J. E., 


acetate to normal rats. 
171. 


WILSON, AND DOROTHY PERRIER 
. Weller, T. H., Enders, J. F., Buckingham, M., and 
Finn, J. J., Jr., The etiology of epidemic pleuro- 
dynia: a study of two viruses isolated from a 
typical outbreak. J. Immunol., 1950, 65, 337. 

Sickles, G. M., Feorino, P., and Plager, H., Isola- 
tion and type determination of Coxsackie virus, 
group B, in tissue culture. Proc. Soc. Exper. Biol. 

& Med., 1955, 88, 22. 

and Syverton, J 


. Crowell, R. L., T., The viral range 


in vitro of a malignant human epithelial cell 
Hela, Gey). IV. The cytopathogenicity 
of C viruses. J. Immunol., 1955, 74, 169. 
Kilbourne, E. D., and Horsfall, F. L., Jr., Increased 
virus in eggs injected with cortisone 
Exper. Biol. & Med., 1951, 76, 116. 
Kilbourne, E. 
in a cortisone-injected host. 


101, 437. 


Kilbourne, E. 


(strain 


Proc. Soc. 


D., Reactivation of non-infective virus 
J. Exper. Med., 1955, 


D., The influence of cortisone on ex- 

perimental viral infection. Differing effects of 

cortisone on infection of mice with influenza A and 

B viruses. To be published. 

Kilbourne, FE. 
perimental 
survival time and suppression of inflammation in 
chick embryos infected with 
J. Immunol., 1955, 74, 57. 

Elis, J. Tf. 
muscles of cortisone-treated 
Physical Med., 1955, 34, 240. 

Kendall, E. C., 
the adrenals on carbohydrate metabolism in Con 
ference on Metabolic Aspects of Convalescence In 
cluding Wound Healing, Reifenstein, 
E. C., Jr., Ed., Trans. of 10th meeting, Josiah 
Macy, Jr. Foundation, 1945, p. 94. 

South African Instit. Med. Res., Myocarditis neona 
torum. Ann. Report, 1952, p. 38. 

South African Instit. Med. Res., Coxsackie viruses. 
Ann. Report, 1953, p. 45 


D., The influence of cortisone on ex- 


viral infection. I. Prolongation of 


influenza B_ virus. 


Degeneration and regeneration in the 
rabbits. Am. J. 


(Discussion of paper) Influence of 


Bone and 





ASOLECTIN SEPARATION OF PROTHROMBIN FROM 
PROCONVERTIN 


By ARTHUR J. SEAMAN ? anp PAUL A. OWREN 


(From the Department of Medicine, Oslo University Hospital, Rikshospitalet, Oslo, Norway) 


(Submitted for publication October 6, 1955; accepted December 12, 1955) 


All reported adsorbents of prothrombin simul- 
taneously adsorb proconvertin, and practically all 
described techniques of elution have resulted in 
their simultaneous release from these adsorbents. 

In this paper we present information about a 
material selectively removing prothrombin from 
an eluate containing prothrombin, proconvertin, 
and hemophilia B factor (PTC, Christmas factor). 
The substance exhibiting this unique behavior is 
asolectin. 

In another communication (1) we have reported 
that suitable concentrations of asolectin used with 
the described technique selectively adsorb proac- 
celerin from citrated human plasma. Greater con- 
centrations of asolectin, however, led to the loss 
of prothrombin and still greater concentrations to 
marked loss of fibrinogen reactivity. In both the 
latter instances, surprisingly, proconvertin ac- 
tivity was little reduced. 

Accordingly, using the dialyzed eluate of washed 
barium sulfate that had adsorbed prothrombin, 
proconvertin, and hemophilia B factor from fresh 
oxalated normal human plasma, it was possible to 
demonstrate that selective, almost complete, re- 
moval of prothrombin activity by asolectin can be 
effected with only minor depletion of proconvertin 
activity. The ability of the asolectin treated eluate 
to shorten the partial thromboplastin time of 


hemophilia B plasma was moderately reduced. 


MATERIALS 


Oxalated normal platelet poor plasma was prepared a. 
previously described (1). The plasma was harvested 
with a Pasteur pipette and used immediately for barium 
sulfate adsorption. 

Barium sulfate (Baker) analytical grade. 

0.9 per cent sodium chloride solution. 

0.006 M sodium citrate solution. 

0.14 M sodium citrate solution. 

Asolectin (Associated Concentrates, Inc., 57-01 32nd 


1 Fulbright Research Scholar in Norway, 1954-1955. 
Present address: Division of Experimental Medicine, Uni- 
versity of Oregon Medical School, Portland, Oregon. 


Avenue, Woodside, New York) Lot Number 2085. 

Parafilm. 

Cellophane dialyzing membrane. 

Russell viper venom (Stypven, Burroughs Wellcome 
and Company, London, England) diluted 1: 40,000 in a 
1:30 suspension of cephalin in veronal buffer was pre- 
pared by the technique of Hjort, Rapaport, and Owren 
(2) as was: 

Prothrombin free ox plasma. 

Citrated, proconvertin-deficient plasma was prepared 
from the blood of a patient congenitally deficient in this 
factor as previously described (3). 

Citrated, hemophilia B plasma was similarly prepared 
from the blood of a patient with the classical laboratory 
and clinical findings of hemophilia B (PTC deficiency, 
Christmas disease). The supernatant plasma was trans- 
ferred with a Pasteur pipette to a glass bottle, and glass- 
activated (4). It was then decanted and bottled in ali- 
quots which were stored at minus 20°C. and thawed im- 
mediately before use. 

Saline extract human brain thromboplastin was pre- 
pared as previously described (5). 

Aged citrated human serum was prepared as described 
by Owren and Aas (6) and by Aas (7). 

Calcium chloride aqueous solutions were prepared in 
the molarities indicated in the individual test systems. 

Diluting fluid I and II were prepared as previously de- 
scribed (1). 

Veronal buffer (pH 7.35, ionic strength 0.154) was pre- 
pared as described previously (2). 

Buffer saline was prepared as previously described (1). 

Adsorbed ox plasma was prepared as previously de- 
scribed (6) by passing fresh oxalated ox plasma once 
through a 20 per cent asbestos, then twice through a 50 
per cent asbestos filter. 

Accelerin-calcium chloride 30 mM was prepared by 
adding 0.5 ml. of thrombin (Hemoclaudan Adrenon Leo, 
Lévens Kemiske Fabrik, Kobenhavn, 100 units per ml. 
dissolved in veronal buffer) to 10 ml. of adsorbed ox 
plasma at 37°C. After 30 minutes’ incubation, the fibrin 
was removed from the clotted plasma. Thrombin addi- 
tion, incubation, and defibrination were repeated two 
more times. The resulting accelerin was then diluted 
with an equal volume of 60 mM calcium chloride solution 
to produce accelerin-calcium chloride 30 mM. Aliquots 
were stored at minus 20°C. and retained sufficient po- 
tency for use for periods of one week or more. During 
tests the accelerin-calcium chloride 30 mM was kept at 
ae 
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METHOD 


Using a minor modification of the technique described 
by Surgenor, Alexander, Goldstein, and Schmid (8), 
100 ml. of fresh oxalated normal plasma was mixed 
with 100 mg. of barium sulfate per ml. and mixed with 
a glass stirring rod for 30 minutes at 4°C. It was then 
centrifuged at 2500 rpm (2°C.) for 30 minutes. The 
barium sulfate sediment was drained and washed by 
mixing with 30 ml. physiological saline with a glass rod, 
then recentrifuged at 2500 rpm (2°C.) for 30 minutes. 
The saline supernate was decanted and discarded. The 
saline wash, centrifugation, and decanting were repeated. 
The barium sulfate was then with 30 ml. of 
0.006 M sodium citrate solution for 5 minutes and again 
centrifuged at 2500 rpm (2°C.) for 30 minutes. The 
wash fluid was decanted and the barium sulfate was 
stirred with 30 ml. of 0.14 M sodium citrate solution 
and allowed to elute for 30 minutes at 4°C. The inac- 
tive precipitate was sedimented by centrifugation at 2500 
rpm (2°C.) for 30 minutes. The supernate was trans- 
ferred to a cellophane membrane and dialyzed overnight 
against two 1-L. changes of physiological saline solu- 
tion at 4°C. After saving a sample of the dialyzed 
eluate for initial assays, the remainder was transferred 
in aliquots to a mortar and 30 mg. of asolectin per ml. of 
eluate was ground with a pestle until it was evenly sus- 
pended. The suspension was placed in a glass tube and 
incubated at 4°C. for 60 minutes, then transferred to lus- 
teroid tubes, capped, and spun at 40,000 rpm (2°C.) for 
60 minutes. The tubes were removed from the rotor 
with utmost care to avoid agitating the contents. The 
central screw plug in the cap was removed, and a lum- 
bar puncture needle attached to a 20-ml. Lur-lock 
syringe was carefully introduced to a point slightly above 
the tube bottom on the side opposite the sedimented 
asolectin. 
collected from each tube and pooled. 


stirred 


By gentle aspiration, the clear supernate was 
A sample of this 
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once-asolectin-treated eluate was saved for assay, and 
the balance was added in aliquots to a mortar containing 
30 mg. of asolectin per ml. of once-asolectin-treated 
eluate. With a pestle, this was ground to an even sus- 
pension. The suspension was transferred to a glass tube 
and kept at 4°C. for 1 hour. It was then transferred to 
lusteroid tubes, capped, and spun at 40,000 rpm (2°C.) 
for 1 hour. Aspiration of the clear supernates was car- 
ried out and these pooled and labelled “twice-asolectin- 
treated eluate.” All specimens were then subjected to 
assay. 

All incubations and tests were performed in duplicate 
ot 37K. 

The prothrombin assay systems of Hjort, Rapaport, 
and Owren (2) and of Owren and Aas (6) were both 
used. 

The proconvertin assay system using plasma from a 
patient congenitally deficient in proconvertin as 
strate was as previously described (1, 3). 

Hemophilia B plasma partial thromboplastin time cor- 
rections : 


sub- 


Asolectin suspension (1:120 in buffer 
saline) 
Citrated, glass-activated, 
Hemophilia B plasma, undiluted 
Test material, undiluted 
Incubate 3 minutes. Time from addition of: 
Accelerin-calcium chloride 30 mM. 


0.2 ml. 


0.2 ml. 
0.2 ml. 


0.2 ml. 


COMMENT 


Prothrombin concentration is markedly reduced 
by treating an eluate rich in prothrombin and pro- 
Pro- 
convertin activity is little reduced. A second treat- 
ment with 30 mg. of asolectin per ml. of the once- 


convertin with 30 mg. of asolectin per ml. 


TABLE I 
Results * 











Proconvertin assay 
Duplicate determinations 


Material tested 


Prothrombin assay 
[Hjort, Rapaport, and Owren (2) ] 
Duplicate determinations 





Initial eluate 
Once-asolectin-treated eluate 
Twice-asolectin-treated eluate 


14.8 
15.9 
23.2 


> 100 


> 100 
70 


Sec. 

24.6 

76.4 
202.4 


Sec. % 
24.6 100 
77.2 19 
204.0 0.5 


SEC 





* Twice-asolectin-treated eluate (diluted 1 : 10 in diluting fluid II) when tested in the aged citrated human serum 
method for prothrombin assay (6) gave the following times: 83.7, 83.0 (<1 per cent) as contrasted with 98.2, 93.5 for 


buffer (0 per cent) control. 


In the hemophilia B partial thromboplastin time correction using 0.2 ml. hemophilia B plasma as substrate, 0.2 ml. 
of the following undiluted materials added as test substances gave the recorded results from the time accelerin-CaCl, 


30 mM was added: 


Hemophilia B plasma 

Initial eluate 

Once-asolectin-treated eluate 
wice-asolectin-treated eluate 
ormal plasma 


Duplicate determinations 
Sec. Sec. 


266.2 
27.4 
44.6 
56.1 
46.7 


bho 
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treated eluate leaves only traces of prothrombin 
behind, while proconvertin activity is reduced to 
only 70 per cent of normal plasma’s content. He- 
mophilia B factor activity seems to be reduced 
only moderately. It would appear that the sodium 
citrate eluate of barium sulfate adsorbent of fresh 
oxalated hemophilia B plasma or asolectin treated 
hemophilia B serum should necessarily be used if 
one wishes to prepare proconvertin free of pro- 
thrombin and hemophilia B factor. 

Attempts to elute prothrombin from the aso- 
lectin with 0.14 M sodium citrate, with 0.9 per 
cent sodium chloride, with distilled water, with 
1 per cent acetic acid, and with phosphate buffer 
(pH 8.0) have not succeeded. Attempted solu- 
tion of asolectin and precipitation of prothrombin 
by adding a 10 per cent volume of ethyl ether 
(4°C.), attempts to achieve differential solubility 
of prothrombin and asolectin in tri-fluoro acetic 
acid, and attempts to oxalate and competitively 
adsorb prothrombin on barium sulfate from the 
asolectin and elute it from the barium sulfate have 
all been unsuccessful. Efforts to separate the pro- 
thrombin are continuing. The probability that the 
bond between asolectin and prothrombin may be 
chemical rather than physical is recognized. 


SUMMARY 


Asolectin 30 mg. per ml. ground to an even sus- 


pension in a mortar and pestle with a dialyzed 


sodium citrate eluate of the barium sulfate ad- 
sorbent of fresh oxalated normal human plasma 
is capable of selectively and almost completely re- 


moving prothrombin activity. Proconvertin ac- 
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tivity and the ability of the treated eluate to shorten 
the partial thromboplastin time of hemophilia B 
The 
asolectin suspension is incubated with the eluate 
for 60 minutes at 4°C., then sedimented by centri- 
fugation at 40,000 rpm for 60 minutes (2°C.). 
Attempts to elute the prothrombin from asolec- 


plasma are reduced to a much lesser degree. 


tin have been unsuccessful to date. 
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A number of phenylbutazone derivatives and 
metabolites are under study (1-4) in a joint ef- 
fort to develop an analog possessing the marked 
anti-rheumatic properties but not the undesirable 
side effects of the parent compound. In the course 
of testing the anti-rheumatic effects in acute gouty 
arthritis of one of these compounds, G—25671, in 
which a phenylthioethyl group replaces the butyl 
side chain of phenylbutazone, marked uricosuric 
activity was noted (1, 2). The interesting prop- 
erties of this substance suggested further study 
and a clinical trial in the management of gout. 


O=—C———-C—-CH:—CH:—CH:—CHs 


H 


Phenylbutazone 


N 


< >-N c=o 
O=C——C- -CH,—CH:S—__> 
H 


G-25671 
4-(phenylthioethyl)-1,2-diphenyl 
3,5-pyrazolidinedione 

1 This work was supported by a grant-in-aid from the 
National Institute of Arthritis and Metabolic Diseases, 
National Institutes of Health. 


The present report deals with the effect of 
G-25671 on the simultaneous renal clearances of 
inulin, para-aminohippurate, urate, sodium, po- 
tassium and chloride. More protracted urate and 
electrolyte balance studies are included. Our clin- 
ical experience with G-25671 in gouty subjects 
also is briefly summarized. 


METHODS 


Renal clearance studies were carried out in 12 gouty 
subjects, all males 33 to 62 years of age, and in the in- 
tercritical phase of the disorder. These subjects had 
been maintained on a low purine, low fat, restricted pro- 
tein (60 to 75 gm. per day) diet and were in the post- 
absorptive state at the time of study. Standard clearance 
techniques (5) were employed, with slight modifications 
described elsewhere (6). 

To ensure adequate urine flow throughout the experi- 
ments, liberal quantities of water were administered orally. 
Urine and blood collections were initiated in three pre- 
medication control periods, each of 20 to 30 minutes 
duration. Then G-25671 was injected intravenously, the 
rate of injection being varied according to the design 
of the experiment, and appropriate urine and blood col- 
lections were made. 

In 7 subjects the total drug dosage, 0.90 to 1.54 gm. of 
the sodium salt (16 mg. per Kg. body weight) dissolved 
in 100 to 150 ml. isotonic saline solution, was delivered 
within a period of approximately 20 minutes to attain 
high blood levels of G-25671 rapidly. Injection of the 
drug was then discontinued and 4 to 6 urine collections 
were obtained, each comprising a period of 20 to 30 min- 
utes. Three blood samples were procured during these 
collection periods. The respective plasma concentrations 
of inulin, PAH, urate, Na, K and Cl were obtained by 
plotting the concentrations semilogarithmically against 
time and by extrapolating back to 2.5 minutes (approxi- 
mate urine delay time) from the mid-time of each urine 
collection period. In three of these subjects, A. R., M. C., 
and L. W., parallel clearance studies with phenylbutazone, 
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as the sodium salt, were made. In Cases A. R. and L. W. 
the effects of injection of 100 ml. saline solution alone 
also were determined. 

Five experiments were designed to study the effects of 
slowly rising drug levels to determine the order of 
effects on specific renal clearances. In Cases J. S. and 
L. L., G-25671 as the sodium salt was dissolved in 5 per 
cent glucose in water to make a 0.14 per cent solution of 
the drug which was then delivered by sustained intra- 
venous injection. The initial rate of infusion was 1 ml. 
per minute; this was increased by an increment of ap- 
proximately 1 ml. per minute at the beginning of each 
20-minute urine collection period to make a total drug 
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dosage of 0.80 gm. for Case J. S. and 0.86 gm. for Case 
L. L. Seven such collections were made in each experi- 
ment. Blood samples were procured at the mid-point of 
each clearance period. Parallel experiments were car- 
ried out in Cases N. P., J. B., and L. O., in which phenyl- 
butazone as the sodium salt dissolved in 5 per cent glu- 
cose in water to make a 0.14 per cent solution of the 
drug, was delivered by slow infusion. 

To obtain information as to the more protracted ef- 
fects of G-25671, particularly on the renal excretion of 
sodium, potassium, chloride and inorganic phosphate, two 
gouty subjects were hospitalized for two weeks during 
which they were maintained on constant weighed diets 


TABLE I 
Effect of rapid infusion of G-25671 (in isotonic saline solution) on renal clearances of inulin, PAH and urate— 
Three analogous experiments with R gneeeane are included* 











Case 
Age 
B.S.A. 


Curate 
Curate Cin 


ml./min. ml./min. meg. % ml./min. % 
132 511 8.7 7.84 5.93 
in 150 ml. isotonic saline solution 

106 Rb] A 17.6 16.6 
119 407 47.0 39.5 
115 397 45.5 39.6 
134 421 50.7 37.8 
104 356 41,2 39.6 


Control 0 117 551 6.35 5.30 
Phenylbutazone: 1.4 gm. in 150 ml. isotonic saline solution 
0-34 min. 142 122 445 13.1 10 
34-62 min. 103 417 22.5 
62-90 min. 102 398 14.0 
90-113 min. 9.9 129 465 15.8 
113-127 min. 9.7 137 515 15.6 
0 3.38 


104 529 

. in 100 ml. isotonic saline solution 
72.0 287 10.1 
81.2 375 26.3 
119 493 47.8 
103 507 50.8 
97.0 500 47.5 

3.92 


109 404 
1.2 gm. in 100 ml. isotonic saline solution 
119 293 6. 10.3 8.70 
112 356 6. 19.9 17.8 
107 325 6. 12.1 11.3 
110 332 6. 11.2 10.2 
6. 
8. 


PG —2s6n 


Period or Ppp Cia Cran Porate Remarks 





mg. T 
Non-tophaceous gout, 11 years; no 
clinical evidence of cardiorenal dis- 
ease. 


1. AJR. 
44 
(2.05 M?) 


Control 0 
G-25671: 1.4 gm. 
0-39 min. 19.0 
39-67 min. 
67-92 min. 
92-122 min. 
122-152 min. 


13.4 
11.2 


SI DARIO 
“© = O W100 


os 


21.8 
13.7 
12.3 
11.4 


3.25 


14.0 
32.4 
40.1 
49.3 
49.0 


Non-tophaceous gout, 12 years; no 
clinical evidence of cardiorenal dis- 
ease. 


2 .L. W. Control 
46 G-25671: 1.2 gm 
(1.93 M?) 0-32 min. 22.4 
32-50 min. 
50-73 min. 
73-92 min. 
90-107 min. 15.7 


Control 0 
Phenylbutazone: 
0-33 min. 13.8 

33-61 min. 

61-88 min. 
88-109 min. 
109-133 min. 


™ AQa2-2009 ge SFE Sa ae oe 
Tr WASDUANED i» D ~1 00 G0 F 


3.60 


12.0 
11.5 101 294 11.4 11.3 


7 
6 
6 
6 
4 
Control 124 590 6 7.62 6.14 Non-tophaceous gout, 1 year; no 
clinical evidence of cardiorenal dis- 
5 
2 
9 
7 
8 


ease. 


G-25671: 1.3 gm. in 100 ml. isotonic saline solution 
0-25 min. 118 451 18.3 
25-48 min. 125 462 3 36.5 
48-71 min. 115 517 36.2 


8. 15.5 
8. 
8. 
71-100 min. 122 531 8. 35.6 
if 
¥e 
9; 
to) 


29.2 
31.5 
29.2 
28.1 


1 
100-122 min. 117 474 32.9 
122-143 min. 130 493 35.2 27.1 


Control 0 119 600 6.55 5.00 
Phenylbutazone: 1.3 gm. in 100 ml. isotonic saline solution 
3.6 114 440 .28 8 


0-35 min. 
538 3 8.62 


9.8 
35-77 min. 145 9, 
608 9.0 10.2 
9.0 
9, 


141 
149 
122 


77-107 min. 
107-130 min. 11.5 564 13.4 
130-151 min. 11.0 450 1 9.42 


6.00 
7.20 
9.00 
7.70 
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rABLE I 


Period PG —2567 Ce, 


me. ° 


ml./min ml 
Control 0 92.4 
G-25671: 0.95 gm. in 100 m 
0-34 min. 12.3 93.4 
34-54 min. 96.0 
54-79 min. 99.0 
79-104 min. 104 
104-130 min. 96.3 


130-152 min. 92.0 


min. 


416 


mg. 
4. M.H. 9. 
45 
(1.68 M?) 9. 
9. 
9. 
8. 
8. 


8. 


10.7 


8.4 


Dy sT WD Ww 
wy UIST Go SI pf 


DR WWW Ww 


5. S.S. 9. 
38 


(1.66 M?) 


0 86.0 453 
1.0 gm. in 100 ml. isotonic 
16.7 90.2 42 
88.4 413 
78.9 429 
82.0 473 


Control 
G-25671: 
0-35 min. 
35-59 min. 
59-90 min. 
90-120 min. 


9. 
8. 
8. 
12.0 7 


6. H.G. 0 83.7 290 11. 


44 
(2.08 M?) 


Control 


83.6 
75.2 
74.8 
72.9 
68.0 


165 
183 
183 
362 
333 


0-43 min. 
43-75 min. 
75-100 min. 
100-123 min. 
123-153 min. 


19.1 
10. 
10. 
10. 
11.1 10. 


eK. 64.9 202 8. 


62 
(1.65 M?) 


Control 


64.3 
66.7 
80.0 
79.4 


147 
156 
198 
208 


0-37 min. 
37-62 min. 
62-88 min. 
88-115 min. 


8. 


* Figures italicized indicate maximal changes. 
and controlled salt and water intake. The daily caloric 
intake for subject O. G. was 1600 (protein, 60 gm. per 
day), with 2.5 gm. of sodium chloride added; subject 
L. W. received 1800 calories per day (protein, 60 gm. 
On the 
administration 


sodium chloride added. 
G-25671 


received 1.2 gm. intravenously every 


gm. 
hospitalization, 
was begun: O. G. 
day for four consecutive days, delivered in three divided 
doses of 0.4 gm. (in 100 ml. 5 per cent glucose in distilled 
water) at 9:00 A.M., 3:00 P.M., and 9:00 P.M.; L. W. 
received 1.6 gm. intravenously for four consecutive days, 
similarly delivered daily in three divided doses of 0.4 gm. 
(9:00 A.M.), 0.4 gm. (3:00 P.M.) and 0.8 gm. (9:00 
P.M.). Blood samples were secured just prior to each 
infusion. Urine obtained by 
voidings, were spaced to comprise the periods from 9:00 
A.M. to 3:00 P.M., then to 9:00 P.M., and overnight to 
9:00 A.M. The urine was collected over the three days 
immediately preceding the 
G-25671 administration, and three days thereafter. The 
body weight was recorded each morning. Parallel stud- 
ies with phenylbutazone had previously been made in 


per day) with 3.5 


seventh day of 


collections, spontaneous 


medication, four days of 


these two subjects (7). 

The analytical methods for the determination of urate, 
inulin, creatinine, para-aminohippurate, sodium, potas- 
sium, chloride, and inorganic phosphate were the same 
as previously employed (6). Plasma concentrations of 
G-25671 were measured by the method previously de- 
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Continued 


ate 


t 
¢ 


9 


l. isotonic saline solution 


6 
3 
0 
6 
4 


2 
3 


7 


saline 


0 
4 
2 
9 


5 


G-25671: 1.5 gm. in 150 ml. isotonic saline 
gm | 


8 


5 
2 
2 


7 


G-25671: 0.9 gm. in 100 ml. isotonic saline 


dq 


Curate Cin Remarks 


ml./min. % 


4.88 5.28 Tophaceous gout, 17 years; no clin- 
ical evidence of cardiorenal disease. 


RWNHWHWe 
SOs OO NM 
PONS SW 


Non-tophaceous atypical gout; no 
clinical evidence of cardiorenal dis- 
ease. 


solution 
4.90 
8.60 
14.3 
17.8 


6.68 
solution 
13.8 
9.40 
10.3 
10.8 
11.0 


o 


Tophaceous gout, 11 years; post- 
scarlatina nephritis for more than 
20 years; albuminuria and cylin- 
druria, serum NPN 34mg. %, PSP 
excretion 50% in 2 hours. 


Gin 


ty 00 00 


4.76 
solution 
9.63 

11. 


5 


Non-tophaceous gout 32 years; 
nephrosclerosis; albuminuria and 
cylindruria, serum NPN 60 mg. %, 
PSP excretion 50% in 2 hours; post- 
gastrectomy refractory anemia, 15 
years. 


of 
NUN 


scribed (8) for phenylbutazone except that 3 per cent 
isoamyl alcohol was added to the petroleum ether used 
for extraction of the drug and the optical densities were 
measured at 255 mu. 


RESULTS 


Plasma levels of G-25671 after intravenous in- 
jection 


The plasma levels of G-25671 obtained when the 
total dosage of drug (16 mg. per Kg. body weight ) 
was delivered in one rapid injection varied from 
22.7 to 12.3 mg. per cent at the mid-point of the 
first post-medication collection period (Table I). 
In every instance the plasma concentration of the 
drug declined in the course of the experiment, the 
final concentrations ranging from 15.7 to 8.4 mg. 
per cent. This is in contrast to the very slow 
disappearance of phenylbutazone from the plasma 
(7). 

In two experiments involving sustained infu- 
sion of the drug at increasing rates (Table II), 
the plasma concentration of G-25671 was slowly 
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increased from initial trace levels to 9.5 and 5.4 
mg. per cent, respectively, in Cases J. S. and L. L. 


Effects of G-25671 on Cy, and Cpay 


A. R., L. W., and M. C., the 
for Cj, and Cpan prior to injection of G—25671 
were within the normal range (Table I). The 
remaining six subjects were found to have sig- 


In Cases values 


nificant reductions in glomerular filtration rate 
and/or renal plasma flow (Tables I and II), as 
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commonly observed in older patients with a long 


Cases J. S. 


history of overt gout. 


hibited the 


hemodynamics 


most 


marked 


impairment 
(Cy, 54.4 and 64.9 ml. 


Cpan 242 and 202 ml. per min., 


and I. K. ex- 
of renal 


per min., 


respectively ). 


Infusion of G-25671 in the dosage employed did 


not significantly affect the glomerular filtration rate 


in five subjects (Tables I and II) 


In three in- 


stances Cy, was appreciably although transitorily 


depressed, to a maximum of — 30 per cent in 


rABLE II 


Effect of slow, sustained infusion of G-25671 and of phenylbutazone (tn glucose solution) on renal clearances of 


inulin, urate, 


Ci Purate 
ml. ml 
mg. % min. mg. % min. 
Control 0 54.4 11.0 4.81 
G-25671: 0.80 gm. (9.5 
Trace 47.0 11.0 3.51 
-45 min. 0.6 49.2 11.0 84 
45-68 min. 1.3 60.5 11.9 .22 
68-90 min. Al) 60.5 11.0 36 
90-109 min. : 5.2 63.9 10.7 1 
109-128 min. a 60.3 10.3 1 
128-145 min. 5 56.5 10.3 1 


ae 


60 
(1.98 M?) 0-25 min. 
25 


2) Tks 
60 
(1.87 M?) 0 
24 

45 

66 

89- 

109. 

130 


75 
oe gm. 
‘ 8.0 
a2. ; 7.8 
92.8 6 
90.0 e 
92.8 4 
91.1 8.1 
92.5 8.0 


Control 0 89.1 9.54 
waa 
Trace 


0.2 


9.60 

9.28 
11.4 
12.6 
16.3 
19.5 
23.0 


24 min. 
-45 min. 
-66 min. 0 
89 min. a 
109 min. i 
130 min. ¥y 
153 min. 5.4 
3... BP, -ontrol 0 81.3 
Phenylbutazone: 
Trace 88.0 
75.0 
88.9 
99.3 


10.6 
0.46 
10.5 
10.1 
10.5 
10.5 
10.5 
10.5 


1,52 
43 
(2.13 M?) 36 min. 
57 min. 
80 min. 
99 min. 
120 min. 
135 min. 


1.07 
L¥2 
1.38 
1.09 
1.26 


127 
Phenylbutazone: 

Trace 119 

0.4 130 


4, 1.35, 
56 
(1.74 M?) 0-26 min. 
26-51 min. 

51-85 min. 0.6 127 

85-106 min. 1.3 120 

106-128 min. — 109 

128-176 min. 4.9 118 
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PERIODS 


Fic. 1. Errect oF RaAprmp INTRAVENOUS INFUSION OF 
G-25671, 1x 16 MG. PER Kc. Bopy Weicut DosAGE, on 
UrRATE CLEARANCE AND SERUM URATE LEVELS 


The bars represent the means of seven urate/inulin 
clearance ratio determinations before injection (C) and 
in six post-injection collection periods. The line above 
represents the concomitant mean serum urate response 
in these seven experiments. 


Case L. W., — 20 per cent in Cases A. R. and 
H. G. A pyrogenic reaction to the infusion in 
Case I. K. was associated with a transient rise 
in Cy. The overall change in C,, following 
G-25671 infusion was negligible in most instances. 
Phenylbutazone in comparable dosage likewise 
usually has little or no effect on the glomerular 
filtration rate but may depress Cy, in some in- 
stances, more consistently when larger doses are 
employed (7). 

Cpan was rapidly and consistently depressed 
by G-25671 (Table 1), the mean control value of 
402 ml. per min. falling to a mean minimum of 284 
ml. per min., an average decline approximating 
30 per cent. This effect is presumed to be due 
to decreased renal extraction of PAH rather than 
to reduction in renal blood flow, since phenylbu- 
tazone (7) markedly depresses Tmpay. Both 
drugs significantly suppress the rate of phenol- 
sulfonphthalein excretion (1), another indication 
of depression of tubular excretory mechanisms. 
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Effect of G-25671 on urate clearance 


A marked increase in urate clearance occurred 
in every instance upon exhibition of the drug and 
was invariably apparent in the first collection pe- 
riod (Table I). The mean Cyrate/Cm ratio rose 
from a pre-medication value of 6.15 per cent to a 
five-fold peak of 30.6 per cent. This effect was 
more pronounced in the subjects with normal 
renal hemodynamics (Cases A. R., L. W., and 
M. C.) whose Curate/Cin ratio rose from a mean 
of 5.11 per cent to a mean peak of 40.1 per cent but 
was readily demonstrable also in those with de- 
pressed C;, and Cpan, whose mean pre-medication 
Curate/Cm ratio of 6.93 per cent increased to 23.4 
per cent (Table I). The uricosuria induced by 
injection of G-—25671 was associated invariably 
and roughly proportionately with a progressive 
decline in serum urate concentration, from a mean 
initial level of 9.3 mg. per cent to a mean minimum 
of 8.0 mg. per cent at the end of the period of ob- 
servation (Figure 1). The fall in serum urate in 
individual patients ranged from 2.3 to 0.5 mg. per 
cent. 

The data in Table II indicate that G-25671 be- 
gins to exert its uricosuric effect at low plasma 
concentrations of the drug, approximating 1 mg. 
per cent, and that this action is progressively en- 
hanced as the drug levels rise. 

The uricosuric action of G—25671 is attributable 
to suppression of tubular reabsorption of urate. 
The percentage of filtered urate which was reab- 
sorbed (1.e., filtered — UV/filtered ) was calculated 
to fall, under the influence of the drug, from a 
mean pre-medication value of 93.9 per cent to a 
mean minimum of 70.2 per cent (in Case L. W., to 
as low as 50.8 per cent). As already implied, the 
quantity of urate filtered at the glomerulus was 
not significantly altered by the drug; no significant 
change in the proportion of plasma urate which is 
filtrable need be assumed (9); and the rapidity 
of the uricosuric action precluded any appreciable 
urate moiety due to augmented metabolic degrada- 
tion of nucleic acids. 


Effect of G-25671 om clearance and excretion 
(UV) of sodium, potassium and chloride 


The experiments summarized in Table I in- 
cluded simultaneous determinations of Cya, Cr 
and Cg. The results (data not included in Table 
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I) indicated an increase in sodium clearance in 
four of the seven subjects studied, no significant 
change in two, and a decrease in one; these alter- 
ations did not correlate with any changes in 
glomerular filtration rate. Cg paralleled Cya 
throughout. Cx/Ci, ratios were not significantly 
altered. 

The increased sodium and chloride excretion 
noted in four subjects does not, under the condi- 
tions of these experiments, demonstrate that 
G-25671 may elicit sodium chloride diuresis since 
14.2 to 24.0 mEq. of sodium, as sodium chloride 
solution and sodium salt of G-25671, were infused 
concomitantly with the drug. Calculation of the 
net electrolyte balance in fact revealed some reten- 
tion of sodium, from 12.1 to 26.7 mEq. over the 
approximately 2-hour period of the experiment, 
in every patient except I. K. who developed a 
pyrogenic reaction. In Cases A. R. and L. W. 
(who received equivalent infusions of sodium 
chloride with and without the drug) 26.7 and 6.0 
mEq. sodium, respectively, were retained when 
the drug, in saline solution, was infused, and 
14.7 and — 1.6 mEq. sodium when sodium chlo- 
ride alone was injected. 

In two clearance experiments summarized in 
Table II, G-25671 was infused in a 5 per cent 
solution of glucose in water. Case J. S. shows re- 
tention of sodium chloride, Case L. L. does not. 
In both instances UV, and Cx fell significantly ; 
this result, which was not obtained in any ex- 
periments involving saline solution as a vehicle for 
G-25671, is attributed to the infusion of glucose 
and the utilization of potassium for glycogen 
formation. 


Balance studies: G-25671 given by repeated intra- 
venous injection 


The observations made by the use of clearance 
techniques were supplemented by more protracted 
urate and electrolyte balance studies. In two such 
experiments G-25671 was administered intrave- 
nously in daily doses of 1.2 gm. (Case O.G.) and 
1.6 gm. (Case L. W.), given in three divided 
doses, over a four-day period (Figure 2). These 
doses brought the plasma drug level in Case O. G. 
to 6.0 mg. per cent after 24 hrs. and to 11.8 mg. 
per cent on the fourth day of medication. In Case 
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L. W. the plasma drug levels were 4.0 mg. per 
cent and 9.7 mg. per cent, respectively. 

Patient O. G., whose mean urinary urate excre- 
tion was 408 mg. per 24 hrs. in the 3-day control 
period, increased his mean daily output to 626 
mg. per 24 hrs. during the period of drug injection, 
a total excess urinary urate excretion of 872 mg. 
for the 4-day period of drug administration. This 
was associated with a sharp fall in serum urate, 
from 9.7 mg. per cent to 2.6 mg. per cent. Upon 
discontinuance of medication the urinary urate 
excretion fell below pre-medication levels to a 
mean of 270 mg. per 24 hrs.; this period of urate 
retention was associated with a slow rise in serum 
urate level to 6.7 mg. per cent after 3 days. Pa- 
tient L. W. excreted a mean of 454 mg. urate per 
24 hrs. in the control period. On the first day of 
drug injection the urinary urate output rose to 
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Fic. 2. Cases O. G. anp L. W. Urinary ExcreTIon 
PER 24 HRS. OF URaATE, SopruM, PotasstuM, CHLORIDE 
AND INORGANIC PHOSPHATE BEFORE, DuRING, AND AFTER 
DatLy INTRAVENOUS INjeEcTION oF G-25671 IN THE Dos- 
AGE INDICATED AT THE Top 

The effect on “endogenous” creatinine clearance is in- 
dicated at the bottom of the figure, the serum urate levels 
(hollow dots) and serum G-25671 (solid dots) above. 
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Effect of G-25671 on serum and urinary urate in five gouty subjects 
(Dosage 1.0 gm. per day) 


Pre 

medicatio1 
9. 1 
604 


Serum (mg./100 ml.) 
Urine (mg./24 hrs.) 


Serum 11.: 
Urine 85 
Serum 12.6 
Urine 
Serum 
Urine 
Serum 
Urine 


736 mg. per 24 hrs., then declined to 596 mg. per 
24 hrs. 
porary 
quantity of mobilizable urate deposit is small and 
The serum 


and thereafter to control levels—-a tem- 
uricosuria often encountered when the 
readily depleted, as in this instance. 
urate level, initially 8.7 mg. per cent, fell to ap- 
proximately 3.0 mg. per cent and remained there 
throughout the period of drug administration. 
This is an indication of continued suppression 
of tubular reabsorption of urate, despite the return 
of urinary urate excretion levels to pre-medication 
values. Discontinuance of the drug was followed 
by urinary urate retention and slow rise of the 
serum urate level. 

In Case O. G. the mean control level of uri- 
nary sodium excretion, 1.32 gm. per 24 hrs., was 
reduced to a mean of 0.95 gm. per 24 hrs. for the 
first two days of drug administration, then re- 
verted to the control figures; the urinary chloride 
excretion closely paralleled these changes. Case 
L. W., whose sodium chloride intake and drug 
dosage were greater than in Case O. G., showed 
more marked and sustained sodium chloride re- 
tention. The mean urinary sodium excretion in 
the control period, 1.69 gm. per 24 hrs., fell to a 
mean of 0.96 gm. per 24 hrs. during the 4-day pe- 
riod of drug administration. The urinary chlo- 
ride excretion fell concomitantly to a mean of 
approximately 50 per cent of the mean control 
period levels. The urinary excretion of potas- 
sium, inorganic phosphate and creatinine was not 
significantly altered by G—25671. 

The serum levels of sodium, potassium, chloride 
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and inorganic phosphate remained essentially un- 


rg 
changed throughout the experiments. There was 
no significant decrease in the hematocrit in either 
patient although Case L. W. gained two pounds 


in weight. 


Effect of oral administration of G—25671 on uri- 


nary urate excretion and serum urate levels 


Table III records the day-by-day uricosuric 
response to daily doses of 1.0 gm. G—25671, given 
in five divided doses of 0.2 gm., in 5 gouty sub- 
jects maintained on a constant diet low in purines 
and fats, and containing 60 to 80 gm. protein per 
day. The mean increase in urinary urate excre- 
tion with this dosage was 55 per cent at the end 
of the first 24-hours of reached a 
peak of 97 per cent after 48 hours, and continued 


medication, 


to be augmented so long as the drug was ad- 
ministered. There was a concomitant sharp and 
sustained fall in serum urate. Cessation of medi- 
cation was invariably followed by a period of urate 
retention. 

Data on the response of the serum urate level 
are available in 13 gouty subjects, free of sig- 
nificant impairment of renal function, after oral 
administration of G-25671 in 1.0 gm. daily dos- 
age. The mean pre-medication figure of 9.6 mg. 
per cent was reduced to a mean minimum of 4.7 
mg. per cent. 

A special study was made of the uricosuric 
response to G-—25671 of gouty subjects with 


marked renal damage, since it is this category 
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which is most apt to be refractory to uricosuric 
agents, even in doses larger than ordinarily em- 
ployed. Observations were made in five such 
patients after 1.0-gm. daily dosage and, in all but 
one, subsequently after 2.0-gm. daily dosage. In 
Case J. D., the initial urinary urate excretion of 
656 mg. per 24 hrs. and serum urate level of 10.8 
mg. per cent changed, with 1.2 gm. G—25671 
daily, to 834 mg. per 24 hrs. and 7.7 mg. per cent, 
respectively, and then to 1140 mg. per 24 hrs. and 
5.9 mg. per cent with 2.0-gm. daily dosage. In 
Case S. R., the respective figures were 968 mg. 
per 24 hrs. and 14.7 mg. per cent before medica- 
tion; 1332 mg. per 24 hrs. and 7.2 mg. per cent 
with 1.2 gm. drug daily; 1145 mg. per 24 hrs. 
and 5.2 mg. per cent with 2.0 gm. drug daily. In 
Case S. 
mg. per cent fell to 9.7 mg. per cent on 1.2-gm. 


T., the initial serum urate level of 10.6 


daily dosage and to 7.6 mg. per cent on 2.0-gm. 
daily dosage. In Case L. M., the response was al- 
together unsatisfactory: With 1.2 gm. G—25671 
daily both urinary urate excretion and serum urate 
level were essentially unchanged from the initial 
figures of 805 mg. per 24 hrs., and 12.6 mg. per 
cent, respectively, and an attempt to increase the 
dosage had to be discontinued because of the ap- 
pearance of a drug rash. Case G. S., who gave a 
typical history of chronic glomerulonephritis (with 
serum NPN 91 mg. per cent, PSP excretion 20 
per cent in 2 hours) as well as gout, also responded 
The urinary 
urate excretion of 288 mg. per 24 hrs. was un- 


unsatisfactorily. pre-medication 
changed with 1.2-gm. daily dosage although the 
serum urate level fell from 11.1 to 9.4 mg. per 
cent; on 2.0-gm. daily dosage the urinary urate 
excretion was 228 mg. per 24 hrs. and the serum 
urate 7.7 mg. per cent. 


Anti-rheumatic action 


Animal screening tests indicate that G—25671 
possesses marked anti-inflammatory properties in 
experimental inflammations.? This action is dem- 
onstrable also in man but the effects are distinctly 
less marked and less consistent than with phenyl- 
butazone (1). Thus of 10 acute gouty attacks 
treated with 1.0 gm. G—25671 daily, only three 


2 We are indebted to R. Domenjoz and G. Wilhelmi of 
Geigy Pharmaceuticals for this information. 
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remitted completely within 24 to 48 hours, two 
within 72 hours, four improved temporarily but 
recurred promptly upon discontinuance of the 
drug, and in one instance the dosage had to be 
increased to 2.0 gm. per day because of inadequate 
response. All these patients showed the usual 
prompt and marked uricosuria, with decline in 
serum urate levels. 

These results discouraged further trial of 
G-25671 in the termination of severe attacks of 
acute gouty arthritis but suggested that, apart from 
its uricosuric action, the drug might be useful in 
the control of pain and stiffness associated with 
chronic gouty arthritis. Of six such cases studied, 
four were promptly relieved of pain and stiffness 
with doses of 1.2 gm. daily, two only when the 
dosage was increased to 2.0 gm. daily. One of 
the patients, who received the drug in 2.0-gm. 
daily dosage continuously for 10 months, shows 
definite reduction in the size of tophi. 

Despite relief of chronic joint symptoms, how- 
ever, G—25671 in 1.0-gm. or 2.0-gm. daily dosage 
proved to be ineffective as a prophylactic agent 
in preventing recurrence of acute gouty arthritis in 
4 of 7 patients receiving the drug for protracted 
periods. 


Toxic reactions to G-25671 


The drug was administered to 28 gouty sub- 
jects in all, 21 for studies of less than one week’s 
duration, 7 continucusly and without adverse ef- 
fects for periods of 3 to 10 months. Three pa- 
tients developed a rash (one urticarial, one erythe- 
matous, 1 purpuric), in every instance within a 
day or two of initiation of medication; one had 
reacted similarly to phenylbutazone. One pa- 
tient developed a renal calculus, another noted 
“sand” in the urine, a third complained of renal 
colic. One patient complained of anorexia, one 
of marked constipation, the only gastro-intestinal 
complications encountered. The drug did not 
appear to precipitate acute gouty arthritis when 
first administered but, as already mentioned, did 
not prevent recurrence of acute seizures in the 
course of protracted usage. Careful checks at 
regular intervals in the 7 patients receiving the 
drug for 3 to 10 months failed to reveal any indi- 
cation of bone marrow depression, hepatotoxicity 


or neurotoxicity. 
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DISCUSSION 


The effects of G-25671 on discrete renal func- 
tions, as described in the preceding section, differ 
in significant respects from those observed with 
equivalent dosages of phenylbutazone, notably in 
relation to tubular reabsorption of urate and of 
salt and water. These differences, brought about 
by substitution of a phenylthioethyl group for the 
butyl side chain of the parent compound, appear 
to be quantitative rather than qualitative in nature, 
as will be made evident in detailed comparisons 
to follow. Nevertheless they are of such order 
of magnitude as to impart potential clinical use- 
fulness to G—25671 as a uricosuric drug in the 
management of gout (1), phenylbutazone not be- 
ing serviceable for this purpose (7). The data 
now at hand make possible a provisional assess- 
ment of G—25671 as a uricosuric agent. 


Comparison of uricosuric effects of phenylbutazone 
and G-25671 


It was found in a prior study (7) of ten gouty 
subjects that intravenous injection of phenylbuta- 
zone in dosages ranging from 12 to 27 mg. per Kg. 
body weight caused a rise in Curate/Cin ratios from 
a mean control value of 6.04 per cent to a mean 
peak of 19.5 per cent, an approximately three-fold 
increase. The data of the present analogous study 
with G—25671, given intravenously in a dosage of 
16 mg. per Kg. body, indicate an approximately 
five-fold mean peak rise in Cyrate/Cin, from a pre- 
medication value of 6.15 per cent to 30.6 per cent. 
Direct comparisons, made in the same patient, 
more convincingly demonstrate the greater uri- 
cosuric efficacy of G-25671 (Table I). In Case 
A. R., the Curate/Cin ratio rose from 5.9 per cent 
to a peak of 39.6 per cent with G—-25671 whereas 
with the same dosage of phenylbutazone the rise 
was from 5.3 per cent to 21.8 per cent; in Case 
L. W., the respective increases were from 3.3 per 
cent to 49.3 per cent with G-25671 and from 3.6 
per cent to 17.8 per cent with phenylbutazone; in 
Case M. C., from 6.1 per cent to 31.5 per cent and 
from 5.0 per cent to 9.0 per cent, respectively. 
Since these and similar comparisons of the two 
drugs were made with dosages equivalent on a 
drug-weight basis, the actual dosage of G—25671 
administered was approximately 25 per cent less 


than that of phenylbutazone when calculated on an 
equi-molecular basis (molecular weight of phenyl- 
butazone, 298; of G-25671, 384).8 

There has been some difference of opinion as to 
whether phenylbutazone, when administered orally, 
exerts any uricosuric action in the usual dosage, 
400 to 800 mg. daily. The preponderance of evi- 
dence (7, 10, 11 and others) clearly indicates that 
phenylbutazone increases urinary urate excretion 
when plasma drug concentrations approximating 
10 mg. per cent or more are attained, for which 
regular oral doses of at least 600 mg. per day ordi- 
narily are required (10). A decline in serum 
urate concentration may precede distinct uricosuria 
but this appears to be largely factitious, usually the 
result of hemodilution due to marked salt and wa- 
ter retention. 

The available data on G-25671 indicate that this 
drug, when given orally, elicits increases in uri- 
nary urate excretion and associated falls in serum 
urate concentration at least as great as probenecid 
in equivalent dosage (12). The uricosuric action 
begins at plasma drug levels approximating 1 mg. 
per cent, and effective blood levels are readily 
achieved when the drug is given orally in the 
daily dosage we have ordinarily employed, 1.0 
gm. per day. Because of the short biologic half- 
life of G—25671 (about 3 hours compared to 70 
hours for phenylbutazone) (1) maintenance of 
effective plasma drug levels throughout the day 
requires distribution in divided doses. We give 
0.2 gm. every 4 hours from 7:00 A.M. to 11:00 
P.M. 


Comparison of effects of phenylbutazone and 
G-25671 on salt and water retention 


It is well known that phenylbutazone may cause 
marked retention of salt and water; indeed, the 


3 Several additional phenylbutazone analogs, repre- 
senting other substitutions in the side chain, have been 
tested in respect to their uricosuric action. G-25903, in 
which a phenylthiopropyl side chain replaces the phenyl- 
thioethyl group of G-25671, has much less uricosuric ef- 
fect than G-25671 or phenylbutazone; 2 gm. per day by 
mouth elicits only a 25 per cent increase in urinary urate 
excretion. On the other hand, G-—25669 (isopropylthio- 
ethyl analog) and G-25921 (p-chlorophenylthioethyl ana- 
log) are both very potent uricosuric agents. All three 
of these compounds undergo rapid biotransformation and 
have a half-life approximating that of G-25671. 
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clinical consequences thereof, in particular ex- 
pansion of the intravascular fluid compartment, 
represent a hazard in the use of the drug. In our 
own experience (7), the urinary excretion of so- 
dium in one patient studied, Case O. G., fell from 
0.81 gm. per 24 hrs. to 0.37 gm. per 24 hrs. when 
0.8 gm. phenylbutazone was infused daily; the 
corresponding figures for urinary chloride ex- 
cretion were 1.63 and 0.92 gm. per 24 hrs., re- 
spectively. This patient was maintained through- 
out the experiment on a constant low-sodium diet 
to which 2.5 gm. sodium chloride a day was added. 
In another instance (7), Case L. W., who also re- 
ceived 0.8 gm. phenylbutazone by intravenous in- 
jection, the urinary excretion of sodium fell from 
2.20 to 1.13 gm. per 24 hrs., the urinary chloride 
excretion concomitantly from 3.61 to 1.80 gm. per 
24 hrs. Case L. W.’s low salt diet was supple- 
mented with 3.5 gm. sodium chloride daily. In 
both instances retention of sodium was associated 
with a rise in serum sodium levels, in Case O. G. 
from 141 to 150 mEq. per L, in Case L. W. from 
145 to 156 mEq. per L. 

These same patients were subjected to analogous 
experiments with G—25671 which, as indicated by 
the data of this study already presented, also 
causes some retention of sodium chloride (Figure 
2); in equivalent dosage and plasma drug levels, 
however, significantly less than does phenylbuta- 
zone. Thus the urinary sodium excretion in Case 
O. G. fell from 1.32 gm. per 24 hrs. to a mean of 
0.95 gm. per 24 hrs. for the first two days of in- 
travenous injection of 1.2 gm. G-25671 daily (50 
per cent higher dosage than in the corresponding 
phenylbutazone experiment) but returned to the 
control level, 1.25 gm. per 24 hrs., as the drug 
infusion was continued. The corresponding fig- 
ures for urinary chloride excretion were closely 
parallel: 1.94 gm. per 24 hrs. control level, 1.47 
gm. per 24 hrs. for the first two days, and 2.28 gm. 
per 24 hrs. for the last two days of injection. The 
constant low sodium diet in this instance was sup- 
plemented with 2.5 gm. sodium chloride daily, as 
in the corresponding phenylbutazone experiment. 
Case L. W. received 1.6 gm. G-25671 daily by in- 
travenous injection. At this dosage retention of 
sodium was about as marked as was obtained with 
0.8 gm. of phenylbutazone : The premedication uri- 
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nary excretion of sodium, 1.69 gm. per 24 hrs., 
fell to a mean of 0.96 gm. per 24 hrs., the urinary 
chloride excretion fell from 2.26 to 1.14 gm. per 
24 hrs. The low sodium diet in this instance was 
supplemented with 3.5 gm. sodium chloride, as in 
the prior phenylbutazone experiment. 

Owing to the rapid metabolic degradation of 
G-25671, the tendency to retain sodium chloride 
was no longer apparent even on the first day of 
discontinuance of medication whereas the sodium- 
retaining effect of phenylbutazone was still in evi- 
dence 24 to 72 hours thereafter. G—25671 did not 
cause any hypernatremia, such as was noted with 
phenylbutazone, and hemodilution was not sig- 
nificant in ordinary clinical dosage. 

Another relevant point in this connection was 
brought out by slow infusion experiments in which 
the plasma concentration of phenylbutazone or 
G-25671 was raised gradually in order to deter- 
mine the relative drug levels required to effect 
uricosuria and/or sodium retention (Table IT). 
These that plasma 
phenylbutazone levels of 1 to 2 mg. per cent are 
associated with distinct sodium retention (Table 
II) whereas no increase in urinary urate excre- 
tion occurs until plasma drug concentrations of 


experiments demonstrate 


approximately 10 mg. per cent are reached (7, 10). 
On the other hand, G—25671 causes distinct uri- 
cosuria at plasma drug concentrations of 1 mg. 
per cent, which appear to be insufficient to elicit 
In Case L. O., the 
plasma phenylbutazone level was slowly raised to 
8.7 mg. per cent at which point UVyaq was de- 


significant sodium retention. 


creased 58 per cent and UV declined 66 per cent, 
yet Curate/Cim approximated the pre-medication 
ratio.* Case J. B. exhibited the same phenomenon, 
although not so markedly, at lower plasma phenyl- 
butazone concentrations. In contrast, Curate/Cin 
increased 130 per cent at a plasma G—25671 con- 
centration of 5.4 mg. per cent in Case L. L., with- 
out any decline whatsoever in UVy, or UVq. In 
Case J. S., Curate/Cin increased 35 per cent at a 
plasma G—25671 concentration of 1.3 mg. per cent 
at which point UVy, and UV were unchanged. 


It will be noted that in this and other instances, very 
low plasma phenylbutazone and G~25671 levels may be 
associated with reduction in Curate/Cinuiia. The signifi- 
cance of this phenomenon is discussed elsewhere (13). 





384 T. YU, B. PATON, T. CHENKIN, J. 


Comparison of clinical usefulness of phenylbuta- 
zone and G-256/1 in the management of acute 


and chronic gouty arthriiis 


The potent anti-rheumatic properties of phenyl- 
butazone have established a limited but definite 
place for it in the current management of various 
arthritic disorders, notably in the short-term treat- 
ment of acute gouty arthritis. Our own data in 
this connection conform to the favorable general 
experience. Of 103 acute gouty seizures in 61 
patients, treatment with 800 mg. phenylbutazone 
a day gave complete remission within 24 to 48 
hours in 76 (74 per cent) and within two days 
to one week in 14 (14 per cent). 
(5 per cent) showed a partial response, three (3 


Five patients 


per cent) did not respond at all and five (5 per 
cent) improved but this was followed by disturb- 
ing side effects of the drug. In contrast to these 
good results with phenylbutazone, only 30 per 
attacks treated with 


cent of 10 acute 


G-25671 (1 gm. daily ) remitted completely within 


gouty 


24 to 48 hours, an experience which does not 
justify use of this drug for termination of acute 
gouty arthritis. Our experience with G—25671 in 
protracted daily usage as a prophylactic agent to 
prevent recurrence of acute gouty seizures also 
has been discouraging, certainly less satisfactory 
than with the daily prophylactic use of small doses 
of colchicine for the purpose (14). 

The experience herein described suggests, how- 
ever, that G—25671 may have potential clinical 
usefulness as a uricosuric agent in the prevention 
and treatment of chronic gouty arthritis; it has 
potent uricosuric and mild anti-rheumatic prop- 


1 


erties, and causes negligible retention of sodium 


and water. Since administration as a uricosuric 
agent would require daily dosage for months or 
years, the limiting factor in use of the drug for 
this purpose would appear to be its hazard of 
significant toxicity. In our own small experience 
thus far, this hazard does not appear to be exces- 
sive. Of 28 gouty subjects treated with the drug, 
three developed significant side reactions (drug 
rash, which disappeared promptly upon discon- 
tinuance of medication), three had complications 
referable to excessive uricosuria (a hazard com- 
mon to all uricosuric agents which can usually be 


circumvented ), none gave evidence of bone mar- 


row depression, hepatotoxicity or neurotoxicity. 


URNS, B. 


BRODIE, AND A. GUTMAN 


The similarity in chemical structure to phenylbu- 
tazone, however, suggests caution in the protracted 
administration of G—25671, and much more ex- 
tensive and prolonged experience will be necessary 
to permit conclusions as to its safety for use in the 
management of chronic gouty arthritis. 
Phenylbutazone has been recommended for pro- 
tracted daily use in gouty subjects (15) but we 
consider that the toxic hazards entailed do not 
justify its employment for this purpose (7). 


SUMMARY 


1. G-25671 is a phenylbutazone derivative in 
which a phenylthioethyl group replaces the butyl 
side chain. The effects of G—25671 on the simul- 
taneous renal clearances of inulin, para-aminohip- 
purate, urate, sodium, potassium and chloride are 
reported, and the results compared with those 
obtained with phenylbutazone. 

2. Like phenylbutazone, G—25671 usually does 
not significantly affect the inulin clearance but 
may lower it in some instances. Both drugs sig- 
nificantly depress Cpan, apparently as a result of 
decreased renal extraction of PAH. 

3. In seven rapid infusion experiments, G—25671 
caused a mean five-fold increase in Cyrate/Cim, from 
a mean pre-medication value of 6.15 per cent to a 
mean peak of 30.6 per cent. This uricosuric effect, 
which is much more pronounced than that of 
phenylbutazone, is attributable to suppression of 
tubular reabsorption of urate. 

4. G-25671 causes distinctly less sodium and 
water retention than phenylbutazone in comparable 
dosage, and exerts its uricosuric action at low 
plasma drug levels (approximately 1 mg. per cent) 
which are not associated with any discernible ef- 
fects on tubular transport of electrolytes. Phenyl- 
butazone, in contrast, causes sodium and water 
retention at low plasma drug levels and uricosuria 
only in plasma drug levels of approximately 10 
mg. per cent or more. Neither drug significantly 
affects potassium or phosphate excretion. 

5. Administered orally to gouty subjects, in 1.0 
to 2.0-gm. daily dosage, G—25671 is a potent uri- 
cosuric agent. In 13 such patients, free of sig- 
nificant renal damage, the serum urate level was 
reduced from a mean pre-medication figure of 9.6 
mg. per cent to a mean minimum of 4.7 mg. per 
cent ; the effect in patients with renal damage was 
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less satisfactory. G—25671 also possesses anti- 
rheumatic properties sufficient to control pain and 
stiffness in chronic gouty arthritis but these are 
distinctly less pronounced than phenylbutazone 
and the drug is of little or no value in terminating 
acute gouty attacks. 

6. The limiting factor in clinical use of G—25671 
as a uricosuric agent in the prevention and treat- 
ment of chronic gouty arthritis is the potential 
hazard of toxic side reactions. Drug sensitivity 
(rash) developed in approximately 10 per cent of 
our patients. There was no indication of bone 
marrow depression, hepatotoxicity or neurotox- 


icity in this series but the observations are too few 


and too brief to warrant conclusions. 
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Ethyl alcohol, when imbibed by normal subjects, 
stimulates a diuresis of water and blocks the anti- 
diuretic effects of such stimuli as the passive erect 
posture, infusions of hypertonic saline, venous 
congestion of the lower limbs, and acetylcholine. 
It has been shown to inhibit transiently the re- 
lease of the antidiuretic hormone (ADH) from 
the posterior pituitary gland, regardless of the 
nature of the provoking antidiuretic stimulus 
(1-6). Recently, Dicker (7) has demonstrated 
an almost complete absence of antidiuretic activity 
in the blood of rats given lethal amounts of ethyl 
alcohol. These data afford convincing argument 
localizing the site of action of this compound to the 
supraoptico-hypophyseal system. 


An excessive activity of ADH has been in- 
voked by many investigators in an attempt to ex- 
plain the impaired excretion of water which is a 


feature of certain disease states. In view of its 
known action in inhibiting the release of this 
hormone, it was of interest to observe the effect 
of alcohol when administered to patients with 
diseases characterized by faulty metabolism of 
water. 


MATERIALS AND METHODS 


Observations were made upon 16 hospitalized patients 
with the following diagnoses: cirrhosis (six), arterio- 
sclerotic, hypertensive, or valvular heart disease with 
congestive failure (four), cor pulmonale (one), su- 
perior vena-caval syndrome (one), nephrotic syndrome 
(one), Addison’s disease (two), and hypoadrenocorti- 
cism secondary to panhypopituitarism (one). All but 
the last three had clinically evident fluid retention 
(edema, ascites, or both). One Addisonian (R. M.) 
was receiving cortisone at the time of the study, while 
the other, and the patient with panhypopituitarism, were 


1 Supported in part by the United States Public Health 
Service, Grant H-834. 

2 Work done during tenure as U.S.P.H.S. Postdoc- 
toral fellow. Present address: Veterans Administration 
Hospital, Boston, Massachusetts. 


not. Impaired water tolerance is defined as failure to 
excrete, within three to four hours, at least fifty per cent 
of 1000 to 1500 milliliters of water, administered either 
orally or intravenously as iso- or hypotonic fructose or 
glucose, prior to the day of testing. 

Ten patients each received a single dose of alcohol 
(35 to 60 grams) as either 95 per cent laboratory alco- 
hol or 100 proof Bourbon whiskey, made up to a total 
volume of approximately 150 to 180 cc. with fruit juice 
and ice. The remaining six patients each received two 
to four doses of 25 to 45 grams each (total 70 to 140 
grams) at intervals of one or two hours. 

In an additional study, a single 45-gram dose of alco- 
hol was ingested by two adequately hydrated patients 
with diabetes insipidus, who were not receiving posterior 
pituitary therapy at the time. 

From 7:00 to 7:30 a.m. on the day of the test, the pa- 
tient ate a light breakfast including 400 to 600 cc. of 
fluid. About one hour later, the patient emptied his 
bladder, and assumed the recumbent or semi-recumbent 
position, standing only to void. Alcohol was generally 
given two to three hours afterwards. Water loads of 
1000 to 1500 cc. (either by mouth in 15 to 20 minutes, or 
as 2.5 per cent or 5 per cent glucose or fructose in one 
hour intravenously) were administered to five patients 
one and a half to three and a half hours before, and to 
two patients concurrently with, the ethanol. The other 
patients drank smaller amounts of water, as indicated in 
the tables. Each study lasted approximately five to 
seven hours. 

Blood was drawn at approximately hourly intervals 
for the determination of sodium, creatinine and osmolarity 
(freezing-point depression) in the serum, and half-hourly 
for the determination of the concentration of alcohol. 
Urine, for the determination of sodium, creatinine and 
osmolarity, was collected in one-half- to two-hourly pe- 
riods, by spontaneous voiding or indwelling catheter. 

The chemical methods and calculations employed have 
been described in a previous publication (1). 


Ucem V 
osmolar clearance = 


V — Com 


C osm 


Cro 


Posm 


where 
Uosm = concentration of solute in the urine in mOsm./L. 
V = urine flow in cc./min. 


Posm = Concentration of solute in plasma in mOsm./L. 
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RESPONSE TO ALCOHOL IN WATER-RETAINING DISORDERS 


RESULTS 


For purposes of this study, a diuretic response 
is defined as the excretion of fifty per cent or 
more of an administered load of water within 
four hours after the ingestion of alcohol. For 
those patients who were not subjected to a pro- 
vocative water load, a positive response consisted 
of an increase in urine flow to values significantly 
greater than those of the control period, a fall 
in urinary osmolarity and a rise in free water 
clearance (Cy.0). 


I. Patients with diabetes insipidus, Addison's dis- 
ease, and panhypopituitarism (Tables I and 
IIa) 


Alcohol did not further augment the relatively 
high rates of urinary flow in two patients with 
diabetes insipidus (Table I). 

In one patient with Addison’s disease and one 
patient with hypopituitarism (patients 1 and 2, 
Table Ila), neither of whom was receiving corti- 
sone, alcohol did not provoke a water diuresis. 
Patient 3, R. M., an Addisonian treated with cor- 
tisone, who had regained the normal diuretic re- 


sponse to water, showed a similar normal diuretic 
response following alcohol. 


II. Patients with clinically evident retention of 
fluid (Table IIb) 


In only four of thirteen patients in this category 
(patients 4 to 7) was ethanol successful in pro- 
voking diuresis. One of these, P. M., also re- 
sponded normally to ingestion of water, during 
the control period, as evidenced by urine flows 
of 4.0 and 3.5 cc. per min in periods 2 and 3, re- 
spectively, following a water load given one hour 
before the beginning of period 2. Imbibing alco- 
hol when the rate of urine flow was falling re- 
sulted in a second diuresis. Patient J. L., in 
whom impaired tolerance to water loading is sug- 
gested by flows of 0.4 cc. per min. during periods 
1 and 2 (1.e., during the second hour following in- 
gestion of 500 cc. of water), was, however, able 
to diurese normally upon water loading two weeks 
later, following paracentesis and salt restriction. 
The response of patient 6, D. McC., is anomalous. 
From the temporal relationship between the inges- 
tion of water, ingestion of alcohol, and onset of 
diuresis, the diuresis seems to be more in response 
to water than to alcohol. However, on two previ- 


TABLE I 


Response to ethyl alcohol of two patients with 
diabetes insipidus 





Elapsed Urinary 
time flow 
cc./min. 


Period 
No. min, 





Patient I—J. V. 
70 
110 
158 
213 
K & 9 


Patient II—S. C. 

30 

60 

110 

135 

198 
240 

270 


7 


NOU WN 





* Alcohol was administered at the beginning of this 
period. 
ous occasions, unequivocal impairment in excre- 
tion of a water load had been demonstrated. The 
least dramatic effect of ethanol is seen in patient 
A. D., who excreted only 53 per cent of the ad- 
ministered load of water. However, following 
each of two doses of alcohol, an increased rate of 
urine flow ensued, unassociated with any change 
in the clearance of endogenous creatinine. 

The remaining nine patients did not have a diu- 
retic response to alcohol, regardless of whether 
one dose (patients 8 to 13) or several doses (pa- 
tients 14 to 16) were administered. 

In comparing those who responded with a diu- 
resis to alcohol with those who did not, no striking 
differences were apparent with respect to concen- 
tration in the serum and urine of sodium or total 
solutes, their rates of excretion, or the clearance 
of endogenous creatinine. Comparable levels of 
alcohol in the blood were attained in the two 
groups, and are consistent with values observed 
in normal subjects receiving equivalent amounts 
of ethanol (1, 2). Of those responding who re- 
ceived more than one dose of alcohol (patients 
5 to 7), some diuretic effect was obtained from the 
first dose, whereas up to four doses in unrespon- 
sive patients failed to provoke an increase in the 
flow of urine. Patients with impaired water tol- 
erance secondary to cirrhosis and to congestive 
heart failure were represented in both groups; 
thus the nature of the underlying disease did not, 
per se, appear to determine the response of any 
given patient to the diuretic stimulus of alcohol. 
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EZRA LAMDIN, CHARLES KLEEMAN, MILTON RUBINI, AND FRANKLIN EPSTEIN 


DISCUSSION 


That ethanol caused no further increase in the 
urine flow of patients with diabetes insipidus is 
not surprising. If the action of alcohol is indeed 
inhibition of the release of ADH, then when the 
release of this hormone is already minimal or ab- 
sent, owing to damage to the neurohypophysis, 
further suppression could not reasonably occur. 
This observation merely helps affirm earlier argu- 
ment localizing the site and mechanism of alcohol 
diuresis. 

Because of the known action of the antidiuretic 
hormone in inhibiting the excretion of water, at- 
tempts have been made to relate the impaired wa- 
ter metabolism of various clinical conditions, with 
and without edema, to over-production of ADH 
(8), diminished destruction of ADH, or increased 
sensitivity to this hormone (9). In support of 
these hypotheses are the reported findings of an 
elevated amount of antidiuretic substances in the 
urine or blood of patients with such conditions. 
Elevated values have been reported in cirrhosis 
(10-12), congestive heart failure (13, 14), hy- 
pertension (15), and Addison’s disease (11). 
However, these substances are not the same in all 
instances, nor have they been shown conclusively 
to be identical with ADH (13), Perry and Fyles 
(16) found no correlation between levels of an 
antidiuretic substance and edema or liver damage, 
and no significant difference in antidiuretic ac- 
tivity between the sera of normals and patients 
with congestive failure or cirrhosis. Nelson and 
Welt (17) concluded that the patient with cirrho- 
sis and ascites showed no evidence of an increased 
sensitivity to, or an inability to eliminate or inac- 
tivate, endogenous or exogenous posterior pitui- 
tary hormone. van Dyke, Ames, and Plough 
(18), and Stein, Schwartz, and Mirsky (19) re- 
port that despite increased levels of antidiuretic 
substance in some patients, no correlation between 
this and impaired water metabolism could be de- 
tected. van Dyke (20) has justly criticized much 
of the methodology which has been employed in 
the assay of antidiuretic substances. 

Gaunt (21), working with animals, and Lloyd 
and Lobotsky (9, 11) on the basis of human stud- 
ies, have postulated an antagonistic relationship 
between the adrenal cortex and the posterior pitui- 
tary with respect to the control of the balance of 
water in the body. Thus, in the adrenalectomized 


rat or the adrenal-insufficient human, an increased 
amount of ADH may accumulate in the blood, 
preventing excretion of a water load in normal 
fashion. The administration of corticosteroids, 
according to this theory, by antagonizing the ac- 
tion of ADH (or of some factor which promotes 
the release of ADH), permits normal water diu- 
resis to ensue. However, if the action of the cor- 
ticosteroids is in fact the inhibition of ADH, one 
should expect similar results from alcohol. In the 
present studies, a patient with Addison’s disease 
(T. P.) and a patient with panhypopituitarism 
(T. Q.), neither of whom was receiving corticoid 
therapy, both failed to have a diuresis after in- 
gesting alcohol. The administration of cortisone, 
however, which is essential for the correction of 
the abnormal water tolerance in these states, to 
another Addisonian (R. M.) also restored the re- 
sponsiveness to alcohol. One may conclude, there- 
fore, that the action of cortisone is probably not 
antagonistic to ADH, but is rather “permissive” 
(22), allowing the organism, by mechanisms as 
yet undefined, to respond in normal fashion to the 
stimuli of both water and alcohol. 

The inhibitory effect of alcohol on the neuro- 
hypophysis is transient. It appears to be related 
to the duration of the rise in the level of alcohol in 
the blood, rather than to the absolute level attained 
(4). Therefore, the administration of repeated 
doses of ethanol, when the blood level is falling, 
should theoretically prolong the inhibition estab- 
lished by the initial dose, and allow for a more 
leisurely dissipation of circulating ADH. A re- 
sponse to a second dose, in the face of minimal or 
absent response to the first, would suggest either 
that the destruction of ADH is impaired, or that 
an increased amount of this hormone was being 
secreted by the posterior pituitary into the blood. 
However, in patients who were unresponsive, up 
to four doses of alcohol failed to provoke diuresis, 
whereas in those who did respond to multiple 
doses, some increase in urine flow followed the 
ingestion of the initial dose. 

Of the sixteen patients observed in the present 
study, all but three (R. M., P. M., and J. L.) had 
unequivocally impaired responses to water. Since 
ethyl alcohol, a substance known to inhibit the re- 
lease of ADH from the neurohypophysis, failed 
to provoke diuresis in 11 of 13 patients with ab- 
normal water tolerance, the present data do not 
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support the hypothesis that excessive activity of 
the antidiuretic hormone of the posterior pituitary 
is the most important causative factor in the im- 
paired water metabolism of the diseases studied. 
Although some activity of ADH cannot be ex- 
cluded, other factors, the nature of which remain 
unknown, may well play the dominant role in the 
pathogenesis of the impaired water tolerance that 
characterizes these states. Whatever these water- 
retaining stimuli might be, it is probable that the 
intensity of their action varies from individual to 
individual, regardless of the nature of the disease. 
Should this be true, the extent of water diuresis 
in the absence of ADH (or in response to alcohol ) 
would be determined by the intensity of action of 
these extra-neurohypophyseal factors. 


SUMMARY 


1, Ethyl alcohol, a known inhibitor of the re- 
lease of ADH from the neurohypophysis, was ad- 
ministered orally to 16 patients with various dis- 
eases characterized by impaired water tolerance. 

2. Eleven of thirteen patients in whom impaired 
water tolerance was demonstrated failed to re- 
spond to ethanol with a diuresis of water. 

3. Cortisone restored the ability of one patient 
with Addison’s disease to respond normally with 
a diuresis both to water and to alcohol. 

4. These data do not support the contention 
that excessive activity of ADH is chiefly respon- 
sible for the disturbed water tolerance character- 
izing the disease states studied. 
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The physical properties of the lung with which 
this paper is concerned, are the forces which are 
required to overcome the resistances in the re- 
spiratory system. These resistances are the elas- 
tic resistance of the lung to expansion, and the 
various viscous resistances involved in the move- 
ment of air into and out of the lungs with associ- 
ated movement of lung tissue. 

Simultaneous recording of air flow and intra- 
thoracic pressure enables assessment of the forces 
required to overcome these resistances. The 


elastic resistance of the lungs is expressed as the 
compliance (volume change in liters per centi- 
meter of water-pressure change from end expira- 
tion to end inspiration), while the viscous resist- 
ance can be differentiated into that proportional 


to the velocity of air flow (streamline resistance 
in the airways and movement of lung tissue) 
and that proportional to the square of the velocity 
of air flow (turbulent resistance in the airways) 
(1). 

This paper reports the disturbances in the 
physical properties of the lungs in patients with 
chronic pulmonary emphysema and in a group of 
emphysematous patients who had associated right 
heart failure. 


SUBJECTS AND METHODS 


Subjects consisted of seven normal individuals (Table 
I) and 18 patients with chronic obstructive airway dis- 
ease of mild to moderate degree, six of whom had devel- 
oped right heart failure (Tables II and III). All gave 


1 This study was aided by a contract between the Office 
of Naval Research, Department of the Navy, and The 
Johns Hopkins University (NR 112-101) and was also 
supported by funds provided under Contract AF 18 (600) - 
435 with the USAF School of Aviation Medicine, Ran- 
dolph Field, Texas. 

2 Postdoctoral Fellow of The Life Insurance Medical 
Research Fund. 

8 Present address: Faculty of Medicine, The University 
of Manitoba, Winnipeg, Canada. 


a history of dyspnea on exertion for two to twenty years. 
The diagnosis was based on the evidence of disturbances 
of pulmonary function (Tables II and III) and the 
clinical findings of an increased antero-posterior diameter 
of the chest, depressed diaphragms with limitation of 
movement, and signs of bronchial obstruction on physi- 
cal examination. Although not shown in the tables, the 
shape of the expiratory vital capacity tracing was char- 
acteristic of obstruction to expiratory outflow in all cases. 
Right heart failure was diagnosed on the basis of elec- 
trocardiographic findings of right ventricular hypertrophy 
and the clinical findings of venous hypertension, en- 
larged liver and peripheral edema. 

Lung volumes and maximal breathing capacities were 
predicted and measured by methods described by Bald- 
win, Cournand, and Richards (2). Dead space/tidal air 
ratios, venous admixture and maximal diffusing capaci- 
ties were determined by methods described by Riley and 
his associates (3, 4). 

Esophageal pressure was used to estimate intrathoracic 
pressure (5-7) in spite of known differences between 
esophageal and intrapleural pressures (8), because val- 
ues for compliance and resistance determined with 
esophageal pressures approximated those using intra- 
pleural pressure sufficiently in the tidal volume range for 
evaluation of the physiologic abnormalities under con- 
sideration (9). The esophageal pressure was measured 
by means of an air filled, thin-walled rubber balloon 
which has been previously described (8). All measure- 
ments were made within the lower third of the esophagus. 

The rate of air flow into and out of the lungs was 
measured by means of a pneumotachometer containing 
a 325 mesh stainless steel screen which offered a resist- 
ance of 0.07 mm. H.O per liter per minute of air flow. 
The pressure drop across the pneumotachometer screen 
was measured by means of a Statham differential pres- 
sure strain gauge transducer (maximum range + 0.05 
p.s.i.). The volume of air breathed was determined by 
measuring the area under the pneumotachograph with a 
planimeter. 

Subjects breathed through a mouth piece connected to 
the pneumotachometer by a short length of rubber tub- 
ing, one inch in diameter. A solenoid-operated slide 
valve was introduced between the mouth of the subject 
and the pneumotachometer in order to interrupt the flow 
of air at the mouth at varying times during the respira- 
tory cycle. A side tap in the tubing between the sub- 
ject’s mouth permitted the esophageal-mouth differential 
pressure to be measured by means of a Statham differ- 
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TABLE I 


Physical properties of the lung in normal subjects 











Compliance 
(l./cm. H20) 


vc 
(liters) 


Func- 


Height 
tional 


(cm.) 


Work of breathing 
Total 





Viscous 
(gm. m. 
liter vent.) 


Coeff. of 
turbulent 
resistance 


Elastic 


Coeff. of 
linear 
resistance 


Static 





siz 
.245 
295 
.226 
142 
120 
140 


.197 


178 
179 
174 
180 
170 
163 
177 


5.56 
5.92 
4.86 
5.20 
3.82 
3.64 
5.24 


21.4 
4.9 
8.2 

20.0 

17.9 


15.2 
19.0 


15.2 


14.0 
14.5 
28.2 
18.5 
20.0 
24.0 
17.5 


19.4 


.202 
.248 
333 
222 
133 
4 
148 


201 


0.13 
0.16 
0.38 
0.26 
0.24 
0.12 
0.30 


0.23 


1 | 





ential pressure strain gauge transducer (maximum 
range + 0.6 p.s.i.). 

Tracings of the air flow and esophageal-mouth differ- 
ential pressure were recorded simultaneously by means 
of a Sanborn amplifying recorder. 

All subjects were studied in the sitting position. The 
subjects with pulmonary emphysema were studied prior 
to, and 10 to 15 minutes after, the inhalation of nebulized 
bronchodilator (Isuprel®). The pneumotachometer was 
calibrated using rotameters and the pressure gauges were 
calibrated using a water manometer after each study. 

Simultaneous measurements of the pressure and vol- 
ume changes from end-expiration, determined at intervals 
of 0.2 seconds, were plotted one against the other during 
a complete breathing cycle. The area of the loop which 
was obtained represented the mechanical work done on 
the lungs in order to overcome viscous resistance, and 
was expressed in gram meters. 


The pressure required to overcome the elastic resistance 
of the lungs during the breathing cycle was determined 
by joining the points at end expiration and end inspiration. 
The elastic properties of the lungs were expressed as 
the volume change per centimeter of water pressure 
change or the compliance. The mechanical work re- 
quired to overcome elastic resistance was determined by 
the method described by McIlroy, Marshall, and Christie 
(10) and Comroe, Forster, DuBois, Briscoe, and Carlsen 
(11), and expressed in gram meters. 

It may be noted that there is not complete agreement 
regarding the method of measurement of the elastic work 
done on the lung. Otis (12) has described another 
method but because esophageal pressure does not yield 
absolute intrathoracic pressure (8), it was not possible 
to estimate elastic work by this method. 

In the normal subjects, the expiratory portion of the 
pressure-volume loop usually fell within the elastic work 


TABLE II 


Estimation of ventilatory function in patients with pulmonary emphysema 








History of 


Ht. dyspnea 


Maximum breathing capacity 
Vital capacity (liters) /min.) 








Before After Before After 


Pre- Pre- 


dicted Bronchodilatation 


111 


Bronchodilatation 


3.27 3.43 
2.63... 2.79 
2.84 2.97 
1.78 2.14 
1.74 2.05 
1.80 2.25 
417 4.17 
3.47 4.33 
2.576), (2.57 
2.81 3.11 
2.55: 3.06 
2.60 3.10 


1.19 1.87 
2.13. .12.62 
2.66 3.54 
2.95 3.40 
0.83 = 1.28 


dicted 


4.00 
3.90 
3.90 
3.42 
2.90 
3.34 


f 


(cm.) (years) 


189 
174 
178 
168 
160 
161 
171 
173 
175 
174 
172 
145 


153 
165 
160 
173 
150 
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TABLE III 
Estimation of distribution and diffusion in patients with pulmonary emphysema 











Arterial 


(4)t 
DO: 
(ml./min./mm. He) 


~._ (3). 
QVA/QT 
x100 


Pred. 





HOS MSs OWNS PSP mASVOM 
YET? Sanne ww 


=”: 


1 








(1) Ratio of residual volume to total lung volume. 

(2) Ratio of dead space to tidal volume. 

(3) Ratio of venous admixture to total blood flow. 

(4) Maximal diffusing capacity for oxygen. 

Group I—patients with emphysema. 

Group II—patients with emphysema and heart failure. 
* Studied at rest. 


t Data obtained from Shepard and his associates (reference 22). 


area during quiet breathing, indicating that expiratory 
viscous resistance was overcome by stored elastic energy. 
Any portion of the pressure-volume loop falling outside 
the elastic work area represented the additional active 
work required for expiration. The total work done on 
the lungs was calculated by adding the elastic work, the 
inspiratory viscous work and additional expiratory viscous 


work. The work per liter of ventilation was obtained 
by dividing the work per respiration by the volume of 
breath in liters. 

The pressure required to overcome viscous resistance 
was determined from the pressure-volume loop or by 
interrupting the flow of air at the mouth with the 
solenoid interrupter. In the former case this was done 


TABLE IV 


Physical properties of the lung in patients with pulmonary emphysema 








Compliance 
(l./cem. HxO) 





Functional 
Before After 


Bronchodilatation Static 


Coeff. of linear 
resistance 


Before After 


Coeff. of turbulent 
resistance 
Before After 


Bronchodilatation Bronchodilatation 





0.311 0.354 
0.210 0.280 
0.155 0.176 
0.303 0.360 
0.181 0.206 
0.088 0.211 
0.210 0.242 
0.214 0.246 
0.120 0.155 
0.200 0.223 
0.250 0.325 
0.140 0.312 


0.257 


0.444 
0.358 
0.250 
0.450 
0.530 
0.240 
0.277 
0.480 
0.212 
0.333 
0.600 
0.329 


0.379 
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TABLE V 


Physical properties of the lung in patients with pulmonary emphysema and right heart failure 








Compliance 
(l./cm. H:O) 


Subject 





Functional 


Before After 


Bronchodilatation 


Static 


Coeff. of linear 
resistance 


Before After 


Bronchodilatation 


Coeff. of turbulent 
resistance 


Before After 


Bronchodilatation 





F. B. 
W. B. 
E. H. 
J. M. 
L-. 

E. W. 


0.082 
0.074 
0.035 
0.033 
0.030 
0.044 


0.102 
0.099 
0.040 
0.063 
0.042 
0.056 


0.183 
0.185 
0.103 
0.190 
0.072 
0.105 
0.050 0.067 


Mean 0.140 
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by subtracting the pressure required to overcome elastic 
resistance from the intrathoracic pressure for any par- 
ticular instant in the respiratory cycle. In the latter case 
the difference between the intrathoracic pressure, meas- 
ured the instant prior to interruption, and the pressure 
measured during interruption, yielded the pressure re- 
quired to overcome air and tissue viscous resistance. 
These pressures were plotted against simultaneously re- 
corded rates of air flow. Values for the coefficients of 
linear and turbulent resistance to air flow during in- 
spiration were approximated from these pressure-flow 
curves by determining the first and second derivatives as 
described by Fry, Ebert, Stead, and Brown (13). 


RESULTS 


The physical properties of the lungs found in 
the normal individuals are presented in Table I. 
The results obtained before and after bronchodila- 
tation in patients with pulmonary emphysema are 
presented in Table IV, while those obtained in the 
emphysematous patients who had developed right 
heart failure are presented in Table V. 


A. Compliance 


In patients with pulmonary emphysema it was 
noted that the compliance of the lungs varied with 
the rate at which the subject was breathing. The 
change in compliance during slow breathing could 
not be attributed to changes in resting level of the 
lung since there was no change in lung volume as 
determined on a spirometer tracing, when inspira- 
tion was slowed. In order to determine the effect 
of respiratory rate, the compliance of the lungs 
was ‘determined during inspirations of approxi- 
mately equal volume but varying in duration. 

The compliances found with the different dura- 


tions of inspiration in a representative subject 
from each of the three groups are shown in Figure 
1. Each point represents the average of three to 
six determinations. It can be seen that in the pa- 
tients with pulmonary emphysema the compliance 
increased considerably when inspiration was 
slowed, until a plateau was reached after which 
it remained fairly constant. The compliance ob- 
tained while breathing at tke resting respiratory 
rate is hereafter referred to as the functional com- 
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pliance, while the value for compliance at the 
plateau, during the slow inspirations, is referred 
to as the static compliance of the lungs. The func- 
tional compliance was frequently lower than the 
normal in the abnormal subjects. In normal sub- 
jects, functional and static compliances were ap- 
proximately the same (Table I), whereas in the 
abnormal subjects the static compliance was far 
greater than the functional compliance (Tables 
IV and V). 

Figure 2 presents the frequency distribution of 
the static compliance of the lungs found in the 
normal subjects, patients with pulmonary em- 
physema and patients with emphysema who had 
developed heart failure. From this figure and 
Tables IV and V, it can be seen that in patients 
wih pulmonary emphysema the static compliance 
of the lungs was generally greater than that of 
the normal, while in those patients with associ- 
ated heart failure the compliance of the lungs was 
low. 


B. Viscous resistance 


The coefficients of linear and turbulent resist- 
ance found in the normals are presented in Table 
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I, while those found in the patients with pul- 
monary emphysema are presented in Tables IV 
and V. The mean coefficient of linear resistance 
during spontaneous respiration was lowest in the 
normal subjects, and highest in those patients who 
had developed right heart failure, being 1.71 in 
the normals, 3.76 in the group with emphysema, 
and 6.11 in the group which had developed heart 
failure. Similar results were found for the mean 
coefficients of turbulent resistance, being 0.23 in 
the normal subjects, 1.03 in the emphysematous 
patients and 2.88 in the patients in whom heart 
failure was also present. 


C. Work of breathing 


Frequency distributions of the work of breath- 
ing at the normal resting respiratory rate in the 
normal subjects, patients with pulmonary emphy- 
sema and patients with emphysema who had de- 
veloped right heart failure are presented in Fig- 
ure 3. It can be seen that the work required to 
overcome elastic resistance was slightly higher 
than the normal in the emphysematous subjects 
and much higher in the patients with associated 
right heart failure. The total work of breathing 
was far greater than the normal in the emphyse- 
matous patients and still greater in the group who 
had developed right heart failure, this increase 
being particularly due to that required to over- 
come viscous resistance. In the abnormal sub- 
jects the expiratory portion of the pressure-volume 
loop frequently fell outside the elastic work area 
indicating active work during expiration. 


D. Effect of nebulized bronchodilator 


The functional compliance noted during quiet 
breathing after the administration of bronchodi- 
lator was frequently greater than that observed 
before bronchodilator (Tables IV and V). AI- 
though not shown in the tables, the inhalation of 
bronchodilator did not alter the static compliance 
since a plateau was reached at the same level that 
was obtained prior to the administration of 
bronchodilator. 

An example of the effect of nebulized broncho- 
dilator in a patient with emphysema and right 
heart failure is illustrated in Figures 4 and 5, It 
can be seen that inhalation of the bronchodilator 
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resulted in a considerable reduction in elastic and 
viscous resistance and work required to overcome 
these resistances. 

The effect of nebulized bronchodilator on the 
viscous resistance in the abnormal subjects is 
presented in Tables IV and V. In the emphyse- 
matous subjects there was a 35 per cent decrease 
in the mean co-efficient of linear resistance, and a 
58 per cent decrease in the mean co-efficient of 
turbulent resistance. In the emphysematous sub- 
jects who had developed right heart failure, the 
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mean co-efficient of linear resistance diminished 
by 43 per cent, while the mean co-efficient of 
turbulent resistance diminished 48 per cent. 

The effect of nebulized bronchodilator on the 
work of breathing in the abnormal subjects is 
presented in Tables VI and VII. In the emphy- 
sematous patients, nebulized bronchodilator re- 
sulted in a mean reduction in total work of 17 
per cent, the elastic work being reduced by 24 
per cent, while the viscous work was reduced by 
26 per cent (Table VI). In the patients who had 
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TABLE VI developed right heart failure total work was re- 
The effect of nebulized bronchodilator on the work of duced by 28 per cent, elastic work being reduced 
breathing én patients with emphyseme by 28 per cent and the viscous work by 20 per 

cent (Table VII). 
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TABLE VII 


The effect of nebulized bronchodilator on the work of 
breathing in patients with emphysema 
and right heart failure 








Work of breathing 
(gm. m./liler ventilation) 





Total 
After 


Viscous 
After 


Elastic 
Before After 





Before Before 





73.8 68.8 
48.0 
95.8 
79.8 
95.0 
68.5 


76.8 


78.7 
77.3 
165.8 
182.0 
175.7 
96.2 


129.3 


13.0. 125 
50.3 40.0 
88.0 70.5 
63.0 40.6 
85.0 66.0 
55.0 40.0 


59.4 44.9 


91.0 
72.2 
130.0 
140.4 
170.2 
94.6 


Mean 116.4 





Mead, McIlroy, Selverstone, and Radford (15) 
in normal individuals after the inhalation of nebu- 
lized histamine. 

In the basic work on this subject, Bayliss and 
Robertson (16) and Dean and Visscher (17) 
found an increased rigidity of the lungs with in- 
creased respiratory rate. They explained these 


findings by visualizing the lungs as a system with 
two elastances, only one of which was ventilated 
at rapid respiratory rates while both took part 


in ventilation at lower rates. Such a hypothesis 
also serves to explain the changes in compliance 
with respiratory rate in the patients reported in 
this study. In these patients the changes in esti- 
mated compliance at different respiratory rates 
are most readily explained by the effects of a non- 
uniformly distributed viscous resistance. A simi- 
lar explanation has also been suggested by Mead, 
Lindgren, and Gaensler (18). When inspiration 
is slowed so that the viscous element is virtually 
eliminated, both high and low resistance areas 
of the lung will take part in ventilation and a 
high value for the compliance of the lung will be 
obtained. Conversely, at high respiratory rates 
portions of the lung with low viscous resistance 
will be overdistended and the compliance derived 
will be low. The change in compliance noted 
after the viscous resistance of the air passages 
had been reduced by the inhalation of a broncho- 
dilator drug would further support this concept. 
For these reasons the term functional compliance, 
which is subject to variation with the respiratory 
rate, has been used to denote the elastic resistance 
offered by the lungs while breathing, in contrast 
to the static compliance which is independent of 
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the resistance to air flow and represents the over- 
all elastic properties of the lung. The latter can 
only be measured when sufficient time is allowed 
for equilibrium of volume and pressure to occur 
between different portions of the lung. 

The results reported in this study may help to 
reconcile the discrepancy between the increased 
rigidity of emphysematous lungs described by 
Stead, Fry, and Ebert (19) and MclIlroy and 
Christie (20) and the generally held concept de- 
rived from post-mortem findings of voluminous 
lungs which do not collapse and the early obser- 
vations of Christie (21) that pulmonary emphy- 
sema is associated with loss of lung rigidity. 

The data presented indicate that compliance 
varies with the amount of viscous resistance pres- 
ent, decreasing with increasing respiratory rate. 
Thus, despite the high values obtained for the 
static compliance of the lungs in chronic pulmo- 
nary emphysema, indicating loss of rigidity, the 
functional compliance was low while breathing 
at the resting respiratory rate. These results are, 
therefore, similar to those found by Mcllroy and 
Christie (20) and are presumably due to the 
large element of viscous resistance which was 
present. 

On the other hand such an explanation would 
not suffice for Stead, Fry, and Ebert’s patients, 
for they were studied during static states, which 
should yield values comparable to those for the 
true compliance. Nevertheless, the low values for 
compliance which they reported might be due to 
the presence of fibrosis and congestion as in our 
second group of abnormal subjects, who had de- 
veloped right heart failure. Here the static com- 
pliance of the lungs was much lower indicating 
that the lungs were stiffer and more difficult to 
distend, perhaps because of the development of 
fibrosis and vascular congestion. It is of interest 
that these patients had been dyspneic for the 
longest period of time. In those patients with 
apparently uncomplicated emphysema whose static 
compliance was within the normal range, loss of 
elasticity may have been obscured by the pre- 
ponderance of fibrosis. 

The data presented in this study suggest that 
there is a considerable amount of alveolar wall 
damage with loss of elasticity early in emphysema 
and that fibrosis and congestion may be present in 
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the cases with right heart failure. Since the maxi- 
mal diffusing capacity has been suggested as an 
estimate of the amount of alveolar damage and 
reduction of pulmonary area available for diffu- 
sion of oxygen (22), it is of interest that there 
was a rough relationship between the static com- 
pliance and the maximal diffusing capacity for 
oxygen in the emphysematous patients (Figure 6). 
When right heart failure was present there ap- 
peared to be a disproportionate reduction in the 
lung compliance. 

In assessing the values reported for viscous re- 
sistance, consideration must be given to the fact 
that the compliance is a component of the calcu- 
lation, and to the observation that compliance 
varies with the frequency of respiration and rate 
of air flow in the patients who have a high ele- 
ment of viscous resistance. If viscous resistance 
is determined from a pressure-volume loop it is 
also apparent that the line representative of the 
compliance will not be a straight line joining end 
expiration and end inspiration, but will be a 
curved line proportional to the rate of air flow. 
Since the pressure required to overcome the vis- 
cous resistance is equal to the difference between 
intrathoracic pressure and the pressure required 
to overcome elastic resistance, this implies that 
the amount of viscous resistance will be over-esti- 
mated. This is particularly true for the value for 
turbulent resistance since this is determined at 
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high rates of flow. On the other hand, the value 
for laminar resistance is obtained at lower rates 
of air flow and the value for the coefficient of linear 
resistance is probably a good approximation. De- 
termination of pressure-flow characteristics by in- 
terruption of air flow at the mouth would be simi- 
larly affected since the static compliance meas- 
ured during the period of interruption would 
probably be higher than the functional compliance 
during that particular breath. This would serve 
as the explanation for our observation and that 
reported by Fry, Ebert, and Stead (13), that a 
rounded slope precedes the development of the 
plateau in intrathoracic pressure during interrup- 
tion of air flow in emphysematous patients. 

Despite these considerations the high values 
obtained for the co-efficients of viscous resistance 
suggest that there is a large element of viscous 
resistance, both laminar and turbulent, in the sub- 
jects with pulmonary emphysema, particularly in 
those who had developed right heart failure. A 
marked increase in work was thus required in 
order to overcome the viscous resistance. It is 
of interest that there is a rough correlation between 
the work required to overcome viscous resistance 
during normal respiration and the maximum 
breathing capacity (Figure 7). 

The beneficial effect of a single administration 
of nebulized bronchodilator in the patients with 
chronic obstructive pulmonary emphysema is em- 
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phasized by the marked reduction of both linear 
and turbulent resistance to air flow that was ob- 
tained with the resulting decrease in work of 
breathing due to the decreased viscous resistance 
and increased functional compliance. 

From the data reported, it is apparent that even 
at the resting rate of respiration, both elastic and 
viscous resistances are high in chronic obstructive 
emphysema, particularly after the development of 
right heart failure. An increased amount of work 
is therefore required in order to overcome both 
of these resistances. An increased rate of respira- 
tion further increases the work required to over- 
come both elastic and non-elastic resistance, and 
the increased work of breathing must therefore 
limit exercise tolerance and the performance of 
the maximum breathing capacity. 


SUMMARY AND CONCLUSIONS 


The physical properties of the lungs were meas- 
ured in 7 normal subjects, and 18 patients with 
chronic obstructive emphysema, 6 of whom had 
developed right heart failure. 

In patients with pulmonary emphysema, the 


compliance of the lungs varied with the respira- 
tory rate, the functional compliance during spon- 
taneous breathing being lower than the normal. 
In the normals, functional and static compliance 
were approximately the same. These findings in 
the abnormal subjects are most readily explained 
by the effects of a non-uniformly distributed vis- 
cous resistance. Measurements of static com- 
pliance indicated a loss of rigidity of the lungs in 
pulmonary emphysema and increased rigidity in 
cases with associated right heart failure. 

Since the compliance varied with the rate of 
air flow in emphysema, the viscous resistance, 
and particularly that resulting from turbulence, 
may be overestimated. 

At the resting rate of respiration both elastic 
and viscous resistances were high in emphysema, 
particularly, after the development of right heart 
failure. Any increase in respiratory rate increased 
the amount of work required for respiration. 

A single dose of nebulized bronchodilator di- 
minished both viscous and elastic resistance to 
respiration in patients with pulmonary emphysema. 
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In an earlier study (1) it was found that cho- 
lesterol absorbed from the intestinal lumen differed 
from cholesterol secreted into the plasma by the 
liver in that the former entered and circulated in 
plasma (for a time at least) enmeshed in a lipid 
aggregate (i.e., as chylomicra) but the latter en- 
tered and circulated in plasma as one of its sol- 
utes. It was observed that not only could these 
two types of cholesterol be separated by physical 
methods (e.g., by ultracentrifugation) but also 
that they were handled differently by the body. 
Thus cholesterol in chylomicron form was de- 
posited in the hepatic reticuloendothelial cell but 
no such disposition occurred in the case of en- 
dogenously produced plasma-soluble cholesterol 
(2). 

Indeed, it has been observed by several investi- 
gators (3-5) that treatment of sera with various 
fat solvents such as an alcohol-ether solution or 
chloroform leads to an extraction of cholesterol, 
the degree of which is dependent seemingly upon 
the increment of cholesterol which remains un- 
bound with protein and apparently is carried in 
the other lipids of serum. Since a chylomicron 
consists of various lipids and may contain choles- 
terol with but little protein, it seems reasonable 
to believe on a priori grounds, that its cholesterol 
content might be more easily removed by suitable 
extracting agents than cholesterol already bound 
to protein. If such were the case, then analysis of 
appropriate extracts of a given serum might offer 
a means of estimating the respective amounts of 
cholesterol present in lipoprotein form and that 
present unbound to protein and ostensibly car- 
ried in a lipid aggregate. 

In the present report, extraction of the intestinal 
lymph and of the serum of the rat under various 
conditions has been done. Studies of the rabbit 
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also were made. The results suggest that any 
increase in the amount of “easily extractable” 
cholesterol obtained from the serum of either the 
normo- or hypercholesteremic rat is proportionate 
to an associated increase in the lipid fraction of 
the same serum sample. 


METHODS 


I. Cholesterol extraction of rat and rabbit sera 


The cholesterol extraction of samples of intestinal 
lymph and of normocholesteremic and hypercholesteremic 
serum was performed by one of the techniques of 
Macheboeuf and Sandor (3) as follows: 1 ml. of freshly 
obtained serum, heparinized plasma, lymph or chylo- 
micron suspension was placed in the bottom of a heavy 
walled test tube of approximately 10 mm. internal diam- 
eter. One ml. of a mixture of 1 volume of absolute 
ethanol with 9 volumes of ether was layered over the 
watery fluid, the tube sealed with a paraffin-covered cork 
and inverted exactly 20 times. The tube was then placed 
upright at 4° C. for 20 hours. At the end of this time 
the upper ether layer was transferred to a suitable con- 
tainer by means of a dropper pipette. One ml. of fresh 
alcohol-ether (A-E) solution was carefully layered over 
the serum or other fluid, and immediately removed. 
This wash was repeated a second time. The combined 
extract and washings were then analyzed for cholesterol 
by our usual methods, as was the lower watery layer. 
A preliminary cholesterol and lipid analysis of each se- 
rum or lymph was obtained, the cholesterol analysis by 
the method of Saifer and Kammerer (6) and the lipid 
analysis by the method of Bragdon (7). 

Fifteen normal male rats of Long Evans strain (av. 
wt.: 275 grams) were given 100 mg. of cholesterol dis- 
solved in 3 ml. of olive oil by stomach tube. Blood sam- 
ples obtained by bleeding ether-anesthetized animals from 
the tail before and 3, 6 and 12 hours after the feeding 
were analyzed for cholesterol and then submitted to the 
extraction procedure. Three unfed control rats were 
bled at the same time intervals and the samples were 
similarly treated. 

Six normal rabbits (av. wt.: 1609 grams) were given 
400 mg. of cholesterol dissolved in 12 ml. of olive oil by 
stomach tube. Blood samples were obtained before and 
at 3, 6, 12 and 24 hours after the feeding. A portion 
was reserved for cholesterol analysis and the remainder 
submitted to the extraction procedure. 
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II. Cholesterol extraction of rat intestinal lymph 


Three series of normal male rats (Long Evans strain) 
were used in this experiment. Series I (6 rats) were 
given 3 ml. of H,O by stomach tube; Series II (19 rats) 
were given 3 ml. of olive oil by stomach tube; Series III 
(26 rats) were given 100 mg. of cholesterol dissolved in 
3 ml. of olive oil. The intestinal lymph of the rats of 
all three series was collected for 24 hours by previously 
described methods (1) and a sample of each lymph was 
analyzed for cholesterol and then submitted to the ex- 
traction procedure. 


III. Cholesterol extraction of rat hypercholesteremic sera 


A. Triton induced hypercholesteremia (rat): Ten male 
rats of Long Evans strain (av. wt.: 291 grams) were 
injected intravenously with 100 mg. of Triton WR-1339 
after a fasting period of 20 hours and blood samples ob- 
tained before and 6 and 24 hours after injection were ana- 
lyzed for cholesterol and lipid and then submitted to the 
extraction procedure. 

B. Cholate induced hypercholesteremia (rat): Twelve 
male rats of Long Evans strain (av. wt.: 280 grams) 
were submitted to biliary obstruction which induced hy- 
percholesteremia by elevation of the plasma cholate con- 
centration (8). Blood samples obtained before and 6 
and 24 hours after biliary obstruction were analyzed for 
cholesterol and lipid and then submitted to the extraction 
procedure. 


SANFORD O. BYERS AND MEYER FRIEDMAN 


RESULTS 


A. The cholesterol extraction of rat and rabbit 
sera before and after oral ingestion of cho- 
lesterol 


When the sera of 15 normal rats which had been 
fasted for 18 hours was submitted to the extrac- 
tion procedure with A-E solution, little of its cho- 
lesterol was removed. As Table I demonstrates, 
the average cholesterol concentration of the A-E 
solution was only 1.4 mg. per 100 ml. or about 3 
per cent of the total plasma cholesterol concentra- 
tion (61 mg. per 100 ml.). However, when the 
sera of the same rats were again submitted to ex- 
traction three hours after the oral ingestion of 100 
mg. of cholesterol in 3 ml. of olive oil, the amount 
of extracted cholesterol more than tripled (see 
Table I) and equalled 8 per cent of the initial 
total plasma cholesterol concentration. These sera 
also exhibited turbidity and chylomicra. A\l- 
though extraction of similarly turbid sera obtained 
six hours after feeding gave a value almost the 
same (5.8 mg. per 100 ml.) as that obtained after 
three hours, a considerably greater fraction of 


TABLE I 
The cholesterol extraction of serum of the cholesterol fed rat and rabbit 








Cholesterol (mg./100 ml.) 





Rats (15) Av. wt. = 303 grams 


Rabbits (6) Av. wt. = 1,609 grams 








Range 


S.E. mean Av. 


Range S.E. mean 





Before 

feeding 
Serum 
A-E Sol. 
A-E/S* 


3 Hours after 
feeding 
Serum 
A-E Sol. 
A-E/S 


6 Hours after 
feeding 
Serum 
A-E Sol. 
A-E/S 
12 Hours after 
feeding 


49-91 
0.3-2.8 
0.01-0.04 


45-68 
3.3-9.6 
0.06-0.15 


59-88 
1.8-23.4 
0.02-0.31 


49-91 
5.5-27.0 
0.07-0.36 


24 Hours after 
feeding 
Serum 
A-E Sol. 
A-E/S 


66-190 
4.1-6.3 
0.03-0.09 


60-83 
4.6-6. 
0.07-0.10 


59-95 
4.8-14.0 
0.06-0.16 


81-165 
3.8-28.4 
0.03-0.18 





* A-E/S: Ratio of cholesterol in solvent/cholesterol in original serum. 





CHOLESTEROL FRACTIONATION BY SOLVENT EXTRACTION 


TABLE II 
The cholesterol extraction of the intestinal lymph of the rat 








Lymph (24-Hour collection) 





Volume 
(ml.) 


Cholesterol (mg./100 ml.) 
A-E Sol. 





Lymph 





(Rats given 3.0 ml. of H:O) 


25.0 
Range (20.0—29.0) 


S.E. mean 


0.14 
(0.04-0.21) 
+0.03 


43.0 
(26.0-57.0) 
+4.3 


6.4 
(1.0-11.2) 
+1.6 


(Rats given 3.0 ml. of olive oil) 


37.0 
Range (18.0—-59.0) 


S.E. mean 


37.0 
(17.4-54.0) 
+1.1 


10.2 
(0.8-23.4) 
+1.7 


0.263 
(0.04-0.65) 
+0.04 


(Rats given 3.0 ml. of olive oil + 100 mg. of cholesterol) 


37.0 
Range (15.0-83.0) 


S.E. mean 


0.403 
(0.10-0.83) 


92.0 41.7 
(44.0-202.0)  (4.5-124.0) 
+6.1 +6.3 +0.04 





* A-E/L: Ratio of cholesterol in solvent/cholesterol in original lymph. 


cholesterol (16.5 per cent) was extracted from 
the turbid, chylomicronemic sera obtained from 
the rats 12 hours after the ingestion of the cho- 
lesterol. As Table IV shows, the amount of cho- 
lesterol capable of being extracted from the sera 
of unfed control rats does not change after re- 
peated bleedings, and these sera also never ex- 
hibited turbidity or chylomicronemia. These re- 
sults indicate that although the total cholesterol 
concentration of the sera of rats does not change 
markedly after cholesterol ingestion, the physico- 
chemical status of the cholesterol is markedly al- 
tered. This is shown by the extraction of a por- 
tion of the serum cholesterol at 12 hours follow- 
ing the intake of cholesterol almost nine times as 
great as may be extracted by alcohol-ether extrac- 
tion before feeding. This alteration in extraction 
appeared to proceed pari passu with the degree of 
lipemia, as judged by visual estimation of the 
turbidity of serum samples. 

The results obtained from the extraction of 
sera of cholesterol fed rabbits were somewhat 
similar except the increase in extraction was de- 
layed. Thus (see Table 1), no significant in- 
crease occurred either in the total cholesterol con- 
centration or in the extractable portion either at 3, 
6 or 12 hours after the oral ingestion of the cho- 
lesterol. Similarly, no discernible increase in 
turbidity was observed nor were chylomicra ob- 
served. At the end of 24 hours, the sera were 
moderately turbid and chylomicronemic and con- 


tained considerably more cholesterol (133 mg. per 
100 ml.). The amount of cholesterol extracted 
from these sera was about double that able to be 
extracted prior to cholesterol feeding. The per- 
centage of extraction, however, did not increase 
appreciably because of the actual increase in cho- 
lesterol concentration of the sera. 


B. The cholesterol extraction of intestinal lymph 
of the rat 


Unchanged intestinal lymph. The intestinal 
lymph of the six rats given only H,O contained 
considerable cholesterol (43 mg. per 100 ml.), 
and a moderate amount of it could be extracted 
with the A-E solution, the latter’s concentration 
of cholesterol being 6.4 mg. per 100 ml. or ap- 
proximately 14 per cent of the initial lymph con- 
centration (see Table II). The lymph itself was 
moderately turbid and exhibited a number of 
chylomicra. 

The lymph samples of the 18 rats given 3 ml. 
of olive oil were very turbid and contained myriads 
of chylomicra. The average cholesterol concen- 
tration of these lymphs was 37 mg. per 100 ml. 
(see Table II) and a considerable portion was 
capable of extraction. Thus the A-E solution (see 
Table II) contained 10.2 mg. per 100 ml. or about 
26 per cent of the initial lymph cholesterol con- 
centration. 

The lymph samples of the 25 rats given 100 mg. 
of cholesterol in 3 ml. of olive oil were similar to 
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the above samples in the intensity of their turbidity 
and chylomicron content. The average cholesterol 
content of this lymph was 92 mg. per 100 ml. and 
compared to the preceding lymphs, a greater por- 
tion of its cholesterol was capable of extraction. 
The A-E solution (see Table II) contained 41.7 
mg. per 100 ml. or approximately 40 per cent of 
the initial lymph concentration. 

Ultracentrifuged portions of intestinal lymph. 
The five lymph samples which were collected 
from rats given 100 mg. of cholesterol in 3 ml. 
of olive oil separated on ultracentrifugation into 
two distinct phases. The upper phase which con- 
sisted of a dense white cake having a volume of 
less than 1.0 ml. was removed and suspended by 
stirring in 5 ml. of H,O. The lower phase was 
only slightly turbid and contained only a few 
chylomicra. It resembled the intact lymph ob- 
tained from the water-fed rats. 

The cholesterol concentration of the A-E solu- 
tion after the latter’s contact with the original 
intact lymph averaged 46 mg. per 100 ml. (see 
Table III) or about 38 per cent of the initial 
lymph concentration. 

When the top phase of the ultracentrifuged 
lymph samples was redissolved and then exposed 
to the A-E solution, the latter obtained an aver- 
age cholesterol concentration of 55 mg. per 100 
ml. or 64 per cent of the cholesterol concentration 
of the initial concentration of the redissolved top 
phase. On the other hand, similar exposure of 
the lower phase of the ultracentrifuged lymph to 
A-E solution resulted in an average cholesterol 
content of only 8.0 mg. per 100 ml. in the latter 
solution or about 15 per cent of the initial con- 
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centration in the lower phase. Clearly then, the 


cholesterol content of the chylomicra was far more 
easily extracted than the cholesterol predominantly 
in solution in the lower phase of the ultracentri- 


fuged lymph. 


C. The cholesterol extraction of rat hypercho- 
lesteremic sera 


Two entirely different types of hypercholestere- 
mic serum were studied. The first hypercholes- 
teremic serum was obtained from rats subjected 
to bile obstruction for 24 hours. This serum was 
perfectly clear, exhibited no chylomicra but con- 
tained about 2 to 3 times more total lipid than the 
serum of the normal fasted rat. Its lipoproteins, 
however, exhibited a relatively low flotation rate 
(9). The second type of hypercholesteremic se- 
rum, obtained from rats injected with Triton six 
and 24 hours previously, was intensely turbid and 
contained far more total lipid (approximately 
twice as much as the serum from rats with ligated 
bile ducts). The turbidity was due to particles 
which, although not visible even at 1000 diameters 
magnification, could be separated in great part by 
centrifugation at 20,000 r.p.m. (r.c.f. 25,000 to 
40,000). Such particles ostensibly are rich in 
lipids other than cholesterol which probably ac- 
counts for the marked alteration in the lipoprotein 
spectrum occurring after Triton administration 
(10). 

As Table IV indicates, layering with A-E solu- 
tion resulted in significantly increased extraction 
of cholesterol from the sera of rats obtained six 
hours after biliary obstruction and also resulted 
in a considerable increase in extraction from the 


TABLE III 


The cholesterol extraction of intestinal lymph before and after ultracentrifugation 








Intestinal lymph collection (24 hours) 





Unchanged lymph 





Cholesterol (mg./100 ml.) 
Lymph A-ESol. A-E/L 


Vol. 
(ml.) 





Weight 
(gm.) 


Ultracentrifuged lymph 





Cholesterol (mg./100 ml.) 





Upper layer* Lower layer 





Intact 
layer 


Intact 


layer A-E A-E/I.L. A-E A-E/ILL. 





120 0.37 
94 0.32 
161 0.34 
112 0.49 


290 28 
280 26 
254 16 
276 
275 0.38 


24 122 


0.15 
0.22 
0.14 
0.16 


0.17 


73 0.67 Ne) 
61 0.67 : és 
125 0.63 14.0 
85 0.60 5.0 
8.0 


86 0.64 





* Top layer obtained from ultracentrifugation was resuspended in 5.0 ml. of physiological saline solution. 





BODY CHOLESTEROL FRACTIONATION BY SOLVENT EXTRACTION 


The cholesterol extraction of serum of hypercholesteremic rats 


TABLE IV 








Control rats (6) 


Bile obstructed rats (11) 


Rats injected with Triton (10) 





Range 


S.E. mean 





Av. Range 


S.E. mean 


Av. 


Range 


S.E. mean 





Before 
experiment 


Serum 
A-E Sol. 
A-E/S 


44-56 
0.5-1.8 
0.01-0.03 


50-64 
0.6-1.4 
0.01-0.03 


57 
0.03 


49-71 
0.6-2.7 
0.01-0.04 


+0.26 
+0.01 


Six hrs. after 
experiment 


42-50 
1.5-1.7 
0.03-0.04 


24 hrs. after 
experiment 
begun 
Serum 55 
A-E Sol. 1.3 
A-E/S 0.023 


52-58 131 
1.2-1.5 


0.02-0.03 +0.03 


+0.07 12.1 
0.10 


146-207 
28-92 
0.18-0.48 


95-171 341 
2.8-32.0 7 145 
0.43 


299-422 
112-174 
0.31-0.52 


+5.3 


0.03-0.29 +£0.02 +£0.03 





sera obtained after 24 hours of obstruction. Thus 
the average cholesterol content extracted from the 
24-hour sera was 12.1 mg. per 100 ml. and the 
extraction ratio rose from 2 to 10 per cent. 

The sera obtained from Triton-injected rats 
contained far more extractable cholesterol both 
at six and 24 hours after injection. The A-E 
solution contained 63 mg. at six and 145 mg. of 
cholesterol per 100 ml. at 24 hours, respectively, 
after injection of Triton (Table IV). Undoubt- 
edly this greater degree of extraction compared 
with that of the previous type of hypercholestere- 
mic serum was due in part to the greater content 
of cholesterol in the serum of the Triton-injected 
rats. However, the extraction ratio similarly in- 
creased markedly being 37 and 43 per cent at six 
and 24 hours, respectively. 


DISCUSSION 


In the present study, the cholesterol of intes- 
tinal lymph of the unfed rat was found to be 
considerably more extractable than its counterpart 
in serum, possibly due in part to the fact that 
some of the cholesterol in lymph (perhaps that 
portion reabsorbed from that previously excreted 
into the intestine) (11) travels in a lipid particle 
(1). Also, there is considerably less protein 
available in intestinal lymph for lipoprotein bond- 
age than is the case with serum (12). After fat 
or cholesterol feeding, the amount of cholesterol 
extractable from intestinal lymph increased mark- 
edly and this net increment was observed to be 


present in the chylomicra (1.e., in the upper layer 
of the ultracentrifuged lymph). The extraction 
of the lower layer of the ultracentrifuged lymph 
of the cholesterol-fat-fed rat however (see and 
compare Tables II and III) yielded about the 
same ratio of extracted to total cholesterol as that 
of the intact lymph of the fasted rat. In other 
words, cholesterol enmeshed in lipid appeared to 
be more readily extractable than cholesterol at- 
tached to protein as a serum soluble lipoprotein. 

The rise observed in the cholesterol extraction 
ratio of hypercholesteremic and hyperlipemic sera 
is a phenomenon which confirms the observations 
of Forbes, Dillard, Porter, and Petterson (4). 
They noted that a greater proportion of the cho- 
lesterol of sera of nephrotic individuals was ex- 
tracted by chloroform treatment than was ex- 
tracted from the cholesterol present in sera of 
normal individuals. In both of the experimentally 
induced hypercholesteremic states of this study 
and also in the nephrotic state (4), an excess of 
lipid is also present in the serum. The conclusion 
then seems warranted that the cholesterol pres- 
ent in a hyperlipemic serum is more easily ex- 
tractable than the cholesterol present in a normo- 
lipemic serum. 

Although the present experiments suggest that 
cholesterol can be extracted to some extent even 
when not existing in visible chylomicron form, as 
was found when the chylomicron free serum of 
rats with biliary obstruction was treated with the 
A-E solvent, nevertheless, the cholesterol of those 
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lymph and serum samples exhibiting the greatest 
concentration of lipid aggregates was found to be 
most readily extracted. Since the presence of 
lipid aggregates necessarily implies a state of 
supersaturation of the plasma with regard to at 
least one of the lipid components, it is possible 
that two causes may contribute independently to 
the extractability of cholesterol (13). In other 
words, the increased amount of total lipid may 1) 
remove some of the cholesterol from soluble lipo- 
protein form into aggregate form, and 2) alter 
some of the remaining soluble lipoprotein-cho- 
lesterol so that it is more readily extractable. 

In the absence, however, of an endogenous 


form of hypercholesteremia or hyperlipemia, 


changes in the per cent of serum cholesterol which 
may be extracted might only be expected follow- 
ing changes in the lipid concentration of plasma. 
The present experiments involving both the rat 
and rabbit fed cholesterol and fat suggest that 
such changes in cholesterol extractability may 
occur during the post alimentary period. 


SUMMARY 


Extraction with an alcohol-ether solution of 
various types of sera and lymph samples obtained 
from rats permitted a partial extraction of their 
cholesterol content. The degree of extractability 
of cholesterol of any sample appeared to be a 
function dependent in part at least upon the in- 
crease in serum lipid. 
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FAMILIAL HYPOGLYCEMIA PRECIPITATED BY AMINO ACIDS 


By W. A. COCHRANE, W. W. PAYNE, M. J. SIMPKISS, anp L. I. WOOLF 
(From the Hospital for Sick Children, Great Ormond Street, London, W. C. 1, England) 
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Mann and Magath (1) in 1922 first described 
the clinical symptoms associated with hypogly- 
cemia, and in 1924 Harris (2) reviewed its rela- 
tionship to hyperinsulinism. Since then, numer- 
ous articles have appeared in the literature review- 
ing the causes of hypoglycemia, (3-6) describing 
individual cases and suggesting various surgical 
and medical methods of management. 

Although spontaneous hypoglycemia is evidence 
of abnormal carbohydrate metabolism, this ab- 
normality may be due to a variety of diseases. 

The present communication describes three 
cases of hypoglycemia occurring in one family, 
and one unrelated case, in which convulsions and 
profound lowering of the blood glucose were in- 
duced by the administration of proteins or amino 
acids. 

We believe this abnormal relationship between 


amino acids and glucose metabolism has not been 
previously described, and will be of great interest, 
not only to the clinician, but also to the biochemist 
and physiologist investigating carbohydrate and 
protein metabolism. 


CASES 


Case 1. A female infant was admitted to The Hospital 
for Sick Children, Great Ormond Street on 29th Sep- 
tember 1954, at the age of 4 months for investigation of 
convulsions. Her mother’s pregnancy and labor were 
normal. Her birth weight was 7 lbs. The infant was 
breast fed for 10 weeks and then given half cream cow’s 
milk feeds with added sugar. At 3 months she began 
to have generalized convulsions. She had two or three 
fits every day and these usually occurred about midway 
between feeds but not after waking in the mornings. 
The fits lasted from a few minutes to half-an-hour. 

Examination showed a plump 12 Ib. 3 oz. infant with 
no abnormal physical signs. Her mental development 
was normal for her age. Since her sister (case 2) had 
convulsions associated with hypoglycemia, fasting blood 
was taken and this showed blood sugar levels varying 
from 40 to 60 mg. per 100 ml. The levels of blood sugar 
before feeds showed a gradual decline throughout the 


1 Present address: The Hospital for Sick Children, 555 
University Ave., Toronto, Ontario, Canada. 


day—the fasting level being around 50 mg. per 100 ml. 
and by 10 p.m. the level had dropped to around 30 mg. 
per 100 ml. 

An electro-encephalogram, carried out when the blood 
sugar level was 38 mg. per 100 ml., was normal. 

The plasma level of insulin-like activity was estimated 
by Dr. P. J. Randle (7, cf. 8, 9) and was found to be 
normal. 

A high protein low carbohydrate diet (cow’s milk 
with added casein) was then given and she immediately 
began to have convulsions which occurred at about one 
hour after each feed. On “Soylac,” a soya flour syn- 
thetic milk, she had numerous convulsions, her fasting 
blood sugar was only 20 mg. per 100 ml. and this tended 
to drop slightly during the day. She was then fed with 
expressed breast milk, the levels of blood sugar before 
feeds were higher and the baby was free from fits for 
the first time. Cow’s milk diluted with three parts of 
water and with added sugar had the same effect. Mixed 
feeding was started, care being taken to see that no 
large amount of protein was given without carbohydrate 
being given at the same time. She has remained well, 
having about one fit every six weeks. Her mental and 
physical development are normal. 

Case 2. A female infant, elder sister of case 1, was 
admitted to The Hospital for Sick Children, Great Or- 
mond Street on 30th May 1953 at the age of 2% months. 
Her birth weight was 7 Ib. 1 oz. and her mother’s preg- 
nancy and labor were normal. She was breast fed for 
two months and then given full cream dried cow’s milk 
feeds. After one week she began having generalized 
convulsions dating from the time when extra sugar was 
omitted from her feeds. During the fits she became 
flushed, sweated, and lost consciousness. She had about 
twelve fits in the three weeks prior to admission. No 
history of their relation to feeds could be obtained. Ex- 
amination showed a small infant who weighed 7 Ib. 10 
oz. There were no abnormal signs and her mental de- 
velopment was within the normal range for her age. 
The C.S.F. was normal apart from a sugar value of 25 
mg. per 100 ml. An E.E.G. was normal. The fasting 
blood sugar levels varied from 32 mg. per 100 ml. to 
50 mg. per 100 ml. Blood sugar levels just before meals 
were in the range of 40 to 65 mg. per 100 ml. 

A laparotomy was performed; the pancreas was nor- 
mal in size but rather firm and portions of the tail of the 
pancreas and of the liver were removed for histological 
study. There was no evidence of any neoplastic or hy- 
perplastic change in the islets and no significant patho- 
logical change in the islet cells except that there was 
some enlargement, vacuolation and loss of granular dis- 
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tinction in the f-cells which was interpreted as due to 
edema, a change which was also noted in the interstitial 
tissue. Both a- and f-cells were present in normal num- 
bers. The histology of the liver was normal and there 
was no evidence of glycogen storage disease. 

She was sent home in October 1953 on a normal diet 
with only an 8-hour fast at night, as during the latter 
part of her stay in hospital there was a spontaneous im- 
provement in her condition. Two months later she was 
admitted with intestinal obstruction due to herniation of 
small intestine through the mesocolon. One foot of small 
bowel was resected, and although her condition at the 
time was poor, recovery was uneventful. After re- 
covery she was put on normal mixed feeding and had 
no fits. During the following year she had a fit about 
once every 3 months. She sat up at ten months, walked 
at one year and began to talk at 20 months. 

She was re-admitted for further investigation on April 
12th 1955. 

Case 3—is the father of cases 1 and 2 and is 27 years 
old. He had fits as a baby. From 10 months of age 
until he was 13 years old he would occasionally fall into 
a deep sleep which lasted from a few moments to 3 or 4 
days; this was considered to be a form of narcolepsy but 
the hospital records could not be traced. He has re- 
mained well since then and has no sweating or sensa- 
tions which could be attributed to hypoglycemia. His 
fasting blood sugar was estimated on three occasions and 
found to be 64, 46 and 48.5 mg. per 100 ml., respectively 
(the first two values are of “apparent sugar” estimated 
by the method of Folin and Wu, the third is “true sugar” 
estimated as described below). His plasma level of in- 
sulin-like activity was normal (7, cf. 8 and 9). 

Family history: Cases 1 and 2 are the only children of 
case 3. There were no still-births or miscarriages. Re- 
peated attempts to trace other members of the father’s 
family have failed. There is no history of epilepsy in 
the mother’s family. 

Case 4—was the only child of healthy Cypriot parents. 
One of the mother’s uncles is said to have had fits but no 
further details could be obtained. He was admitted to 
The Hospital for Sick Children, Great Ormond Street 
on 26th March 1952 at the age of 5 months for the in- 
vestigation of convulsions. His mother’s pregnancy and 
labor were normal. His birth weight was 6 Ib. 14 ozs. 
He was breast fed until he was 31%4 months old when he 
was given full cream dried cow’s milk feeds with added 
sugar. When he was 2 months old he began to have fits. 
At first he went pale without sweating, rolled up his 
eyes and did not respond to external stimuli. These fits 
occurred 2 to 3 times daily, usually during a feed, and 
they lasted about two minutes. Over a period of a few 
weeks he began to have more frequent and generalized 
convulsions unrelated to feeds. He was then admitted for 
further investigation. 

Examination showed a large hypotonic infant weighing 
12 Ib. 2 oz. He did not hold up his head neither did he 
attempt to grasp an object, nor follow a light. There 
were no other abnormal signs. 

The cerebro-spinal fluid was normal apart from a 
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sugar value of 20 mg. per 100 ml. His fasting blood 
sugar levels ranged from 17 to 50 mg. per 100 ml. 
Preprandial blood sugars remained between 35 and 45 
mg. per 100 ml. 

On 6th January 1953 a laparotomy was carried out. 
The pancreas appeared large but otherwise normal. The 
distal two-thirds were removed. There was about four 
times the normal amount of islet tissue present, this 
was partly grouped in well formed islets but in addition 
there were islet cells grouped in strands and small acini 
infiltrating between the acini of exocrine tissue. There 
was no evidence of neoplastic change and no increase in 
interstitial tissue. The majority of cells were B-cells and 
a minority were a-cells. 

A liver biopsy carried out at the same time showed no 
evidence of glycogen storage disease. The plasma level 
of insulin-like activity was six times normal before 
operation, twenty months after operation it was five 
times normal (7, cf. 8 and 9). Following operation his 
fasting blood sugar fell over 3 months from 50 to 25-30 
mg. per 100 ml. He was given cortisone for 8 months 
and during this time had no fits. Since then he has had 
only one fit every four to six weeks apart from a period 
of 2 to 3 months when he had 2 to 3 fits a week. He is 
given frequent meals and phenobarbitone. 

Although his development appeared to be normal until 
the onset of fits at two months of age, he is now three 
years and four months old and is grossly retarded. He 
began to walk with help when two years old, but is still 
unable to walk unaided. He does not speak, has to be 
fed and has no control over micturition and defecation. 


MATERIALS AND METHODS 


The blood sugar concentration was followed in cases 
1, 2, 3, and 4 and in normal subjects after feeding glu- 
cose, casein, gelatine, leucine, tyrosine, or isovaleric acid 
and after injecting insulin, glucagon or adrenaline. 

L-leucine puriss and L-tyrosine were used as purchased 
from L. Light & Co. Ltd. They were suspended in a 
little water or in 3 per cent methylcellulose which was 
flavored with saccharin and oil of orange and frozen to 
an “ice cream.” 

Isovaleric acid, laboratory reagent grade, was dissolved 
in a slight excess of aqueous sodium bicarbonate solu- 
tion and chilled. 

Casein (“Casilan,” Glaxo) and gelatine were suspended 
in a little water. 

Biodeminrolit G (Permutit, Ltd.) was saturated with 
carbon dioxide and kept in a tightly closed jar. 

Sodium tungstate: a 10 per cent aqueous solution was 
used. 

Sulphuric acid: 0.66 N. 

Alkaline copper reagent (10): 
A: CuSO,-5H.O: 2 g., Na.SO,: 18 g., water to 100 ml. 
B: Na,CO;: 12 g., Rochelle salt 6 g., NaHCO,: 8 g., 
Na,SO,: 72 g., water to 400 ml. 

These were mixed in the ratio of one part A to four 

parts B immediately before use. 
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Arsenomolybdic acid was prepared by the method of 
Nelson (11). 

Blood sugar estimation. After an overnight fast (7 to 
14 hours) a specimen of capillary blood was collected by 
finger-prick or heel-prick into a bottle containing fluoride 
and oxalate. The test-substance was fed, the time taken 
to swallow it was noted, and blood samples were taken 
10, 20, 30, 45, 60, and 90 minutes after all the substance 
had been ingested. 

The blood sugar estimations were carried out as soon 
as all the blood samples had been collected. Four-tenths 
ml. of each sample (or less if the blood sample was 
unusually small) was added from a pipette calibrated “to 
contain” to 6.8 ml. of water in a centrifuge tube and 
mixed. Four-tenths ml. of sodium tungstate and 0.4 ml. 
of sulphuric acid were added to each tube and the con- 
tents well shaken. After centrifuging, the supernatant 
from each tube was shaken with Biodeminrolit G (about 
0.75 ml. in volume) for 5 minutes. The sugar in the 
supernatant was estimated by the alkaline copper arseno- 
molybdate method and compared with a standard solution 
of glucose treated similarly (10, 11). The color inten- 
sities were read against the blank in a photo-electric 
colorimeter using an Ilford 604 filter (Amax = 520 mez). 

Blood amino-acid values. These were determined by 
the method of West, Wilson, and Eyles (12). 

Paper chromatography. For investigating the blood 
sugars the tungstic acid filtrate, after treatment with 
Biodeminrolit G, was examined by paper chromatography 
(13, 14). Urine was treated with Biodeminrolit G and 
similarly examined. 
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Fic. 1. Gtucose ToLeRANCE CURVES 


Curve 1: true blood sugar of case 1 fed 14 g. glucose 
(1.6 g. per kg. body weight) over 13 mins. Curve 2: 
true blood sugar of case 2 fed 15.5 g. glucose (1.45 g. per 
kg.) over 2 mins. Curve 3: apparent blood sugar of 
case 3 fed 50 g. glucose (0.8 g. per kg.). Curve 4: ap- 
parent blood sugar of case 4 fed 16 g. glucose (1.4 g. per 
kg.). The blood sugar did not drop significantly below 
the fasting level during the 5 hours following ingestion 
of glucose. 
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For amino acid investigation venous blood was collected 
and the serum passed through a column of Zeo Karb 225 
(a sulphonated polystyrene resin). Proteins, sugar, acids 
and all other non-basic components were washed away 
with water, and the amino acids desorbed with 5M-am- 
monia solution. The ammonia eluate was evaporated in 
vacuo and the residue examined by two-dimensional paper 
chromatography without further treatment. Urinary 
amino acids were examined by two-dimensional paper 
chromatography (13) after electrolytic desalting. 


RESULTS AND INTERPRETATION 
Glucose tolerance 


The glucose tolerance curves for the four sub- 
jects are shown in Figure 1. The values for cases 
1 and 2 represent “true blood sugar” (see below) 
and were determined by the method given above, 
those for cases 3 and 4 represent “apparent blood 
sugar” determined by a modification of the method 
of Folin and Wu (15, 16). All four show a nor- 
mal rise and fall, the blood sugar returning to the 
fasting level within 2% hours with no evidence of 
an abnormal fall within 5 hours. 


Effect of hormones 


Glucose insulin tolerance test (17). Case 2: 
Glucose (10 g.) was given by mouth and, simul- 
taneously, 1.0 unit of insulin intravenously. The 
fasting blood sugar was 28.5 mg. per 100 ml. and 
rose to 91 mg. per 100 ml. at 30 minutes falling 
to 38 mg. per 100 ml. at 90 minutes. 

Case 4: Glucose (19 g.) was given by mouth 
and 1.1 units of insulin intravenously. The fasting 
blood sugar was 31 mg. per 100 ml. and rose to 
121 mg. per 100 ml., at 30 minutes, falling to 34 
mg. at 60 minutes. 

Adrenaline tolerance test. Adrenaline (0.2 mg.) 
was given subcutaneously after an 8-hour fast to 
cases 1, 2, and 4. The blood sugar level rose in 
the first half-hour from 27 to 45 mg. per 100 ml. 
in case 1, from 45 to 140 in case 2 and from 52 to 
115 in case 4. The blood sugar was still high 
after 2 hours (50, 93, and 87 mg. per 100 ml., 
respectively ). 

Glucagon. After an 8-hour fast glucagon ? was 
given intramuscularly to cases 1 and 4 (7,500 and 
10,000 cat units, respectively). In case 1 the 
blood sugar level rose from 30 to a peak of 94 mg. 


2 This was supplied by Eli Lilly & Co., to whom our 
thanks are due. 
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per 100 ml. in 15 minutes, followed by a steady 
fall to 38 mg. per 100 ml. at 90 minutes. In case 
4 the blood sugar rose from 31 to 92 mg. per 100 
ml, in 30 minutes and fell to 35 mg. per 100 ml. 
by 2 hours. Case 1 was given 14 gm. of casein 
over 30 minutes and immediately after this had 
been ingested 7,500 cat units of glucagon were 
given by intramuscular injection. The fasting 
blood sugar was 32 mg. per 100 ml. and after the 
casein had been given it fell to 19 mg. per 100 ml. 
Half-an-hour after the injection of glucagon the 
blood sugar level had risen to 76.5 mg. per 100 ml. 
and 2 hours later still it was 90.5 mg. per 100 ml. 
A.C.T.H. and cortisone. A.C.T.H. gel (10 
mg.) was given intramuscularly twice daily for 
10 days to case 1. The blood sugar level was 
higher in the mornings but fell to its previous 
level later in the day. Although there were no 
convulsions during this period A.C.T.H. did not 
cause any striking alteration of blood sugar levels 
throughout the day. Three weeks later 10 mg. of 
cortisone was given 5 times daily for 3 days. No 
effect on the blood sugar levels was noted. 
A.C.T.H. (10 mg.) was given by intramuscular 
injection 6 hourly to case 2 for 6 days and later 


100 mg. cortisone was given daily by mouth in di- 


vided doses for 11 days. In both instances there 
was a slight rise in blood sugar levels throughout 
the day and the patient had no fits. 

Cortisone (20 mg.) was given twice daily for 
18 days to case 4 and then the dose was increased 
to 60 mg. daily. After this the fasting blood sugar 
rose to 40 to 61 mg. per 100 ml. and the levels of 
blood sugar before feeds varied between 75 and 
107 mg. per 100 ml. Before cortisone was given 
the fasting blood sugar varied from 17 to 50 mg. 
per 100 ml. and the blood sugar levels ranged from 
35 to 45 mg. per 100 ml. throughout the day. 
The cortisone was given for 8 months and during 
this time he had no fits. 

In cases 1, 2, and 4 there was no evidence of 
hyper-sensitivity to insulin and the hyperglycemic 
response to adrenaline and glucagon was normal. 
Casein did not prevent the hyperglycemic effect 
of glucagon in case 1. 

A.C.T.H. and cortisone were given in too small 
doses and for too short a period to case 1 for any 
conclusions to be drawn. In case 2 although there 
was no striking alteration in blood sugar levels 
clinical improvement was evident. Cortisone ef- 
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CASEIN 


Case 1 fed 14 g. casein (1.5 g. per kg. body weight) 
over 25 mins. Case 2 fed 16 g. casein (1.5 g. per kg.) 
over 10 mins. Case 4 fed 24 g. casein (1.5 g. per kg.) 
over 10 mins. 


fected an improvement both in the clinical state 
and in the levels of blood sugar in case 4. 
Effect of protein 


The effects of feeding casein to three fasting 
patients are shown in Figure 2. The upper curves 
show the blood sugar concentrations, the lower 
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l—was fed 16 g. (1.5 g. per kg. body weight) over 8 
mins., 2—was fed 14 g. (1.5 g. per kg.) over 8 mins., 3— 
was fed 26 g. (1.5 g. per kg.) over 18 mins. 
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BLOOD SUGAR MG/IOO ML. 








20 40 
MINUTES 
Fic. 4. Broop Sucar oF A FirtrH Case or Hypocty- 


CEMIA AFTER BEING FED 17.6 g. oF CASEIN (1.5 g. PER KG. 
Bopy WEIGHT) over 10 Mins. 


This child’s condition had been diagnosed as spontane- 
ous idiopathic hypoglycemia. 


curves the changes in the corresponding blood 
amino acid concentrations. Figure 3 shows the 
blood sugar concentrations and the changes in 
blood amino acid concentration when casein was 
fed to fasting normal subjects. The method of 
measuring blood amino acid levels is adequate 
for changes in level after feeding protein, but can- 
not measure absolute amino acid concentrations 
with any accuracy (12). 

The casein had a marked hypoglycemic effect on 
the three patients, but none on the normal sub- 
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jects, yet the rise in blood amino acids was simi- 
lar in both groups. The blood amino acid peak 
coincided in time with the minimum of the blood 
sugar concentration. 

The effect on the blood sugar of feeding a nor- 
mal subject a test dose of glucose alone and, next 
day, an equal dose of glucose with casein added is 
shown in Figure 5, together with the change of 
blood amino acid level. In case 1 a test dose of 
13 g. casein and 14 g. glucose caused a slight ini- 
tial rise in the blood sugar level from 47 to 58 
mg. per 100 ml. after 10 minutes, followed by a 
profound fall to 26 mg. per 100 ml. at 20 minutes 
and 18 mg. per 100 ml. at 45 minutes. The blood 
sugar rose to 31 mg. per 100 ml. after 60 minutes. 
The results of the casein-glucose tests were, how- 
ever, more variable than the other tests. 

Gelatine had only a slight hypoglycemic ef- 
fect on case 1, and tyrosine none at all (Figure 6). 
The rise in blood amino acids was as rapid after 
feeding gelatine as after casein. 


Effect of leucine 


Leucine caused a profound fall in blood sugar 
in the four patients, but had no comparable effect 
in normal subjects (Figure 7). Generally the 
blood sugar concentration in the patients dropped 
to about half the fasting value 30 to 45 minutes 
after all the test dose had been ingested, and 
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Fic. 7. Broop Sucar ( ) oF THE Four CASES OF 
Hypociycemia (Curves 6, 7, 8, 9, 10) AND oF Five Nor- 
MAL INnpivipuALs (Curves 1, 2, 3, 4,5) AFTER Bernc Fep 
L-LEUCINE 

1: Fed 10 g. leucine (.15 g. per kg. body weight) over 

7 mins. 

: Fed 12.7 g. leucine (.15 g. per kg.) over 7 mins. 

: Fed 1.4 g. leucine (.125 g. per kg.) over 6 mins. 

: Fed 2.1 g. leucine (.3 g .per kg.) over 10 mins. 

: Fed 1.2 g. leucine (.155 g. per kg.) over 5 mins. 

: Case 2 fed 1.6 g. leucine (.15 g. per kg.) over 5 mins. 
: Case 3 fed 5.2 g. leucine (.083 g. per kg.) over 2 mins. 
: Case 2 fed 2.4 g. leucine (.225 g. per kg.) over 4 mins. 
: Case 1 fed 1.4 g. leucine (.15 g. per kg.) over 4 mins. 
10: Case 4 fed 2.3 g. leucine (.15 g. per kg.) over 5 mins. 
---: Non-sugar reducing substances of cases 2 and 3 
determined simultaneously with the true blood sugars 
shown in curves 6 and 7. 


2 
3 
4 
5 
6 
7 
8 
9 


reached the fasting level again after 60 to 90 min- 
utes. Increasing the dose of leucine depressed 
the blood sugar level further and for a longer time 
(Figure 7, curves 6 and 8). The clinical effects of 
leucine varied: case 2 became drowsy and fell 
asleep 40 minutes after the test dose of 2.4 g. 
(Figure 7, curve 8); case 3 developed marked 
pallor 30 minutes after the test dose but did not 
complain of feeling unwell; in cases 1 and 4 se- 
vere convulsions occurred 45 and 54 minutes, re- 
spectively, after feeding the leucine, so that the 
experiment was terminated and glucose adminis- 
tered. No clinically observable effects were noted 
in any of the normal subjects. The dose of leucine 
fed was generally 0.15 g. per kg. body weight, 
i.e., equal to the leucine contained in the standard 
test dose of casein; however, one of the normal 


subjects was fed twice this dose (Figure 7, curve 
4), case 2 was fed one and one-half times this 
dose on one occasion (Figure 7, curve 8), and 
case 3 was fed only 0.083 g. per kg. (Figure 7, 
curve 7). He was fed the same dose as the other 
patients if one takes body weight to the power 
two-thirds as the basis of calculation (18) but 
on this basis the two adult normal subjects were 
fed about twice the standard dose of leucine. 


Effect of tsovaleric acid 


Figure 8 shows the effect on the blood sugar of 
feeding commercial isovaleric acid to case 2 and 
to a normal subject. Commercial isovaleric acid 
contains only 55 to 60 per cent true isovaleric 
acid (8-methyl-n-butyric acid) the remainder be- 
ing methylethylacetic acid (19, cf. 20). Hence 
case 2 (Figure 8, curve 2) was fed a dose of iso- 
valeric acid corresponding to 0.085 g. of L-leucine 
per kg. body weight, while the normal subject 
(Figure 8, curve 2) was fed the equivalent of 0.15 
g. L-leucine per kg. 


True blood sugar and non-sugar reducing sub- 
stances 
The method briefly described here removes all 
known non-sugar reducing substances, but does 
not differentiate one sugar from another; it is a 
“true sugar” method but not a “true glucose” 
method (cf. 14). It will be described in greater 
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1: A normal subject fed 2.7 g. commercial isovaleric 
acid (.21 g. per kg. body weight) over 3 mins. 2: Case 
2 fed 1.36 g. commercial isovaleric acid (.12 g. per kg.) 
over 2 mins. 
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detail elsewhere (21). With the exception of 
the glucose tolerance curves for cases 3 and 4 
(Figure 1, curves 3 and 4), all the blood sugar 
values shown in Figures 1 to 8 were determined 
by this method. 

In every specimen, in addition to the “true 
sugar,” the “apparent sugar” was determined by 
omitting the treatment with Biodeminrolit G, the 
difference giving a value for non-sugar reducing 
substances (N.S.R.) remaining after tungstic 
acid precipitation. In the normal subjects the 
concentration of N.S.R. was equivalent to 13.4+ 
3.3 (S.D.) mg. of glucose per 100 ml. of blood (28 
samples). The values were constant, within ex- 
perimental error, for any given individual over 
the 90 minutes of a blood sugar curve, and were 
unaffected by feeding casein, glucose, leucine or 
isovaleric acid, but they varied slightly from day 
to day, and more markedly from individual to 
individual. 

Most of the fasting specimens of blood from 
cases 1, 2, 3, and 4 had values for N.S.R. that fell 
within the normal range. However feeding leucine 
caused a marked fall in N.S.R. in cases 1, 2, and 3 
(from 13.5 to 5.5 mg. “glucose” per 100 ml. blood 
for case 1; from 15.5 to 3.5 and from 14 to 3 for 
case 2; from 16.5 to 6.5 for case 3), the minimum 
value occurring 10 or 15 minutes later than the 
minimum for the true glucose (Figure 7) and the 
value returning to near normal in 90 minutes. 
In case 4 the fasting N.S.R. was equivalent to 
only 5 mg. glucose per 100 ml. blood and did not 
show any further fall on feeding leucine. Casein 
caused a similar but less marked drop in N.S.R. 
in cases 1, 2, and 4; case 3 was not fed casein. 
Gelatine, tyrosine and isovaleric acid had no ef- 
fect on the N.S.R. in case 2. Feeding glucose had 
no effect at all on the N.S.R. in any of these 
cases nor did the injection of glucagon. 

In another hypoglycemic child (not reported 
in detail, see Figure 4) the fasting N.S.R. was 
equivalent to only 2.5 mg. glucose per 100 ml. 
blood. On feeding casein the value dropped 
steadily to 1 mg. per 100 ml. at 30 and 45 minutes 
then rose to 2.5 mg. per 100 ml. at 60 minutes. 

In case 1 most of the values for N.S.R. fell in 
the normal range, but when she was being fed 
breast milk, and was clinically rather better, a 
single preprandial specimen of blood at 2 p.m. had 
a “true sugar” content of 19 mg., and N.S.R. 


417 


equivalent to 70 mg. glucose per 100 ml. Four 
hours later these values were: true sugar = 36, 
N.S.R. = 46 mg. glucose per 100 ml. blood. Next 
day, at 6 a.m. her fasting true sugar was 56, and 
N.S.R. = 16 mg. glucose per 100 ml. blood; the 
value for N.S.R. remained between 16 and 18 for 
the rest of the day. 

On another day, when case 1 was being fed 
“Soylac,” her blood glucose values were as follows: 


Mg. glucose per 100 ml. blood 

Time 6 a.m. 10a.m. 11.40a.m. 2p.m. 
True sugar 20 $3 16 19 
N.S.R. 28 13 6 2 
By paper chromatography. While case 1 was ona 
cow’s milk high protein diet, and suffering very 
frequent fits, her apparent blood sugar, determined 
by a modification of the method of Folin and Wu 
(15, 16), was 37 mg. per 100 ml., but by paper 
chromatography the glucose content was found to 
be 8.5 + 1 mg. per 100 ml. Earlier the same day 
her blood glucose was 20 mg. per 100 ml. by paper 
chromatography, but her apparent blood sugar 
was 60 mg. per 100 ml. by the method of Folin 
and Wu. No sugar other than glucose was de- 
tected in either specimen. 

There was never any detectable loss of glucose 
in the urine, either spontaneously or after feeding 
casein, in any of the patients. The other urinary 
sugars were normal. After case 4 had been fed 
glucose for a tolerance test, his urinary glucose 
reached 5 mg. per 100 ml., but this is still within 
normal limits. 

The fasting blood concentrations of the dif- 
ferent amino acids were normal in cases 1, 2, and 
3 but somewhat higher than average in case 4 (two 
specimens), the relative proportions of the dif- 
ferent amino acids were normal in all four. No 
explanation could be found, among the amino 


TABLE I 
Serum leucine content before and after a test dose of leucine 








Case3 Normal Normal 


62.5 86 68 
12.8 10 


Subject Case 1 


Weight, Kg. 9.1 
Leucine fed, g. 1.4 5.2 
Mg. leucine/100 ml. 

serum, fasting 1.2 12 
Mg. leucine/100 ml. 

serum, after the 

test dose 3.8 3.6 
Time of second blood 

specimen, mins. after 

taking leucine 40 40 
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acids, for the abnormally high blood content of 
non-sugar reducing substances in case 1. After 
feeding leucine similar rises of the blood leucine 
content took place in two normal subjects, case 1 
and case 4 (Table I), with no detectable change 
in the other amino acids. 

In case 4 there was some degree of general 
amino aciduria, but in cases 1 and 2 the urinary 
amino acids were normal; they were not exam- 
ined in case 3. 


DISCUSSION 


McQuarrie, Ulstrom, and Ziegler have referred 
to a special group with “infantile idiopathic hy- 
poglycemosis” (22) in whom the age of onset of 
symptoms and the physical and laboratory findings 
are very similar to our present cases 1, 2, and 3. 

In 1936, Conn (23) suggested the use of a high 
protein, low carbohydrate diet in the cases of idio- 
pathic functional hypoglycemia. Subsequently 
this diet regimen has been tried in many cases of 
unexplained hypoglycemia. Talbot, Crawford, 
and Bailey’s (24) case, prior to receiving alloxan, 
was tried on high protein, low carbohydrate feeds 
and it was noted that “during this period, the fast- 
ing blood sugar concentrations fell and the pa- 
tient became so much worse that it became neces- 
sary to institute intravenous dextrose therapy.” 
McQuarrie (6) also says of one of his patients 
on a similar diet that “her clinical state appeared 
to be getting worse with more frequent spells of 
irritability, staring and loss of consciousness.” 

The clinical observation that our patients (cases 
1 and 2) had more fits when on a high protein 
diet led to an investigation of their blood sugar 
after feeding a test dose of casein. The result 
established a clear causative relation between the 
protein feeding and the hypoglycemia. To see 
whether this was a general effect of protein or 
amino acids, or whether some particular amino 
acid was responsible, one child was fed a test dose 
of gelatine, a protein with a very different amino 
acid composition from that of casein. Since there 
was a much smaller fall in the blood sugar concen- 
tration following gelatine it was probable that 
some particular amino acid or combination of 
amino acids was responsible for the hypoglycemia 
and a systematic search was started. 

Tyrosine, which is almost absent from gelatine 
but composes 6.4 per cent of casein, was investi- 
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TABLE II 


COMPOSITION OF MATERIALS FED TO CASES | AND 2 e 





HUMAN | COWS’ 
MILK, MILK. 


G 
PER IOOMLIPER IOOML, 
PROTEIN ° - 25 3:5 
ICARBOHYDRATE ° ° 75 48 


ICASEIN °/IGELATIN “fo! 





LEUCINE . O12 O38 
TYROSINE 0-06 o-2! 
PHENYLALANINE 007 O19 
GLYCINE 000 o-o8 
GLUTAMIC ACID O21 O75 
ASPARTIC ACID O10 0-25 
/.LANINE 0-03 fom i! 
ISOLEUCINE 0-08 0:26 
VALINE ot 024 
TRYPTOPHAN 0-02 0-05 


























1 Compiled largely from Block and Bolling (49). 

2 A preparation of Soya flour with added carbohydrate. 
We are indebted to Soya Foods Ltd., Elstree, England, 
for some of the data. 


gated first, but proved to have no effect on the 
blood sugar concentration. L-leucine was tried 
next and had a most dramatic effect. The extent 
of the hypoglycemic response varied with the dose 
of leucine; the effects of test doses of casein and 
gelatine could be fully accounted for by their leu- 
cine content. Other amino acids are being investi- 
gated but the results obtained with leucine seemed 
to merit publication at this time. 

A sufficient number of normal individuals were 
tested with casein and leucine to indicate that 
these substances did not produce a fall in blood 
sugar under fasting conditions. 

Very little work has been published in which 
human blood sugar concentrations have been meas- 
ured at intervals after administering single amino 
acids. Manzini and Arullani (25) have reported 
that 50 to 80 mg. of leucine injected subcutane- 
ously into normal fasting men causes a fall of 
about 25 per cent in blood sugar concentration ; 
this may be contrasted with the results of our 
feeding experiments. Schenck (26) found that 
glycine in 40 to 50 g. oral doses caused a moderate 
reduction in the blood sugar concentrations of 
normal and diabetic adults (from 102 to 72 and 
from 256 to 161 mg. per 100 ml., respectively). 
Carballeira, Elrick, Mackenzie, and Browne (27) 
infused a mixture of ten amino acids (including 
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L-leucine) intravenously into four normal fasting 
men and observed a slight drop (from 70 to 60 
and from 76 to 60 mg. per 100 ml., respectively ) 
in the blood sugar concentration in two of them 
32 minutes after the mid-point of the infusion. 
A slight rise occurred in a third case and there 
was no change in the blood sugar of a fourth case. 

There is considerable evidence in the literature 
suggesting an inter-relationship between the blood 
levels of amino acids, glucose, insulin, and adren- 
aline. Feeding glucose to normal men causes a 
drop in blood amino acid levels, leucine being de- 
pressed more than the other amino acids (28, 29). 
Insulin (100 units upwards) also causes a drop 
in blood amino acids, leucine again being the most 
strongly affected (28, 30 cf. 31), but if glucose 
is continuously infused to keep the blood sugar 
above 80 mg. per 100 ml. after administering the 
insulin, there is no drop in blood amino acids 
(30, cf. 32). 

Several workers have examined the effects of 
single amino acids, especially glycine, on the blood 
sugar of rabbits and dogs. A single oral, subcu- 
taneous, or intravenous dose of glycine causes a 


rise in blood sugar level according to most work- 
ers (33-36); Folke Nord (33) and others have 
produced considerable evidence that glycine and 
some other amino acids act by causing the release 


of adrenaline. Schenck, on the other hand, found 
that glycine depressed the blood sugar level (26, 
37), while others could find no effect (38, 39). 
According to some workers (40, 41) feeding gly- 
cine produces an initial hyperglycemia caused by 
the release of adrenaline, followed by prolonged 
hypoglycemia, caused by release of insulin in re- 
sponse to the hyperglycemia, though the liver 
plays some obscure part in the hypoglycemia (41). 
It is doubtful whether this explanation can ac- 
count for all the results obtained by other work- 





CH; 
* 


NH: 


CH; 
Leucine 


[ CH; 


1 I 
CH;—CO—CH:—CO:H «+ | bo + CH;CO;:H | <— 
I | 


Aceto-acetic 
acid 


LCHs 


CH—CH,—-CH—CO.H ad 


419 


ers. Manzini and Arullani (25, 35) found that 
leucine raised the blood sugar concentration of the 
rabbit but depressed that of man. The differences 
found by different workers for other amino acids 
may be partly explained by the use of different 
species. 

A more relevant finding is that protein hydroly- 
sates administered to humans simultaneously with 
glucose either intravenously (42) or orally (43) 
markedly reduce the height of the hyperglycemic 
curve that would result from administering the 
glucose alone, though the protein hydrolysate does 
not produce hypoglycemia in the fasting individual 
(43). (Compare Figure 5.) This may be com- 
pared with the finding of Chikano (39) that leu- 
cine, injected into rabbits, markedly reduced the 
hyperglycemia produced by injecting adrenaline 
or glucose, though it does not affect the fasting 
blood sugar level when given alone. However, 
Pollak (36) found that isovaleric acid had little 
or no effect on the glycemic curve in rabbits when 
fed with glucose. 

For the four affected individuals considered 
here, but not for normal persons, leucine is a most 
potent drug, active when taken in comparatively 
low dosage. This effect must be distinguished 
from the toxic actions of the diamidines which 
cause hypoglycemia after initial hyperglycemia by 
depletion of liver glycogen stores (44, 45). Since 
leucine is always present in the blood it may be 
partly responsible for the low fasting blood sugar 
levels of these patients. It remained to be de- 
cided whether leucine itself caused the hypogly- 
cemic response or whether it was converted at an 
abnormally high rate to an active intermediate 
metabolite, possibly one not formed in normal 
individuals. 

According to Coon (46) L-leucine is metabo- 
lized according to the following scheme: 
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The keto-acid, formed from leucine by transami- 
nation, is not readily available. Isovaleric acid 
is split in vivo to a 3-carbon and a 2-carbon 
fragment, hypothetically acetone and acetic acid, 
each of which gives rise to aceto-acetic acid as end- 
product. Aceto-acetic acid cannot be the active 
substance since it is formed from tyrosine which 
has no hypoglycemic effect. Hence isovaleric 
acid remains the one readily available metabolite 
of leucine that might have a hypoglycemic effect. 
A test dose of commercial isovaleric acid produced 
as profound a hypoglycemia in case 2 as did an 
equivalent dose of leucine (allowing for the purity 
of the commercial acid). In a normal subject, 
however, a larger dose of isovaleric acid had no 
effect on blood sugar concentration. The most 
likely explanation is that isovaleric acid is the 
true hypoglycemic factor in these four patients 
and that leucine acts by virtue of its rapid conver- 
sion to isovaleric acid; a less likely alternative is 
that leucine and isovaleric acid have a similar 
effect, by virtue of their somewhat similar molecu- 
lar structure, on some aspect of the blood sugar 
regulating mechanism. In any case we have no 


definite explanation of why these patients react 


to leucine and isovaleric acid while normal indi- 
viduals do not. 

There was no evidence of any abnormality of 
the liver in these patients and the response to 
adrenaline and to glucagon were normal. Nor 
were there any clinical stigmata of abnormal func- 
tion of the pituitary, thyroid or adrenal gland. 
In case 4 there was hyperplasia of the islet cells 
of the pancreas and, in two specimens of blood, a 
high insulin level, but in the other three cases 
there was no direct evidence of hyperinsulinism. 
McQuarrie, Ulstrom, and Ziegler (22) have, how- 
ever, mentioned that “infantile idiopathic hypo- 
glycemia suggests a form of hyperinsulinism but 
without evidence of hypertrophy, hyperplasia, or 
tumour of the f-cells.” 

The blood sugar curve produced by the ad- 
ministration of leucine or its metabolite is almost 
identical with that produced by giving insulin to 
a normal individual for an “insulin tolerance test” 
as described by Wilkins (47). In both tests the 
maximal drop in blood sugar concentration oc- 
curs at 30 to 45 minutes with a return to the fast- 
ing level in 60 to 90 minutes. 

Tentatively we suggest that leucine or its me- 
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tabolite, isovaleric acid, acts by one of two mecha- 
nisms: either (a) it may enhance the effect of cir- 
culating insulin on intracellular carbohydrate 
metabolism, or (b) it may cause an increased se- 
cretion of insulin by the islets of Langerhans. It 
should be possible, using present techniques, to 
differentiate the two possible modes of action, and 
work is proceeding on this. In normal humans or 
animals leucine (alone or in mixtures) causes a 
decrease in the hyperglycemic curve that follows 
administration of glucose; this can be explained 
as an enhancement of the effect of the insulin re- 
leased in response to the hyperglycemia or, perhaps 
as the release of additional insulin. The second 
possibility is rendered less likely but not com- 
pletely excluded by leucine having no hypogly- 
cemic effect in fasting normal humans or animals; 
the blood insulin level is presumably so low under 
these conditions that any enhancing effect of leu- 
cine would be undetectable. Of the four patients 
who showed a hypoglycemic response to leucine 
while fasting, one has been shown to have an ab- 
normally high blood insulin level, again supporting 
possibility (a) but not excluding (b). However, 
the failure of a fifth hypoglycemic child to show 
a marked hypoglycemic response to casein (Fig- 
ure 4) suggests the possibility of two types of 
hypoglycemia. 

We have no explanation of the changes ob- 
served in blood non-sugar reducing substances 
(N.S.R.). There can however be no doubt that 
these substances (generally considered to be 
mainly glutathione and erogthioneine) are closely 
bound up with the blood glucose. In diabetics the 
N.S.R. level is often abnormal (21, 48). In 
three of the cases of hypoglycemia reported here 
the fasting N.S.R. has been, on occasion, well 
outside the normal range. Finally the fall and 
rise of the N.S.R. curve when leucine or casein is 
fed parallels, but lags a little behind, the fall and 
rise of the blood glucose curve. The most sur- 
prising features are the extraordinarily rapid 
change in the N.S.R. when leucine or casein is 
fed and the failure of the fasting N.S.R. to rise 
when glucose or glucagon is administered. 

Idiopathic hypoglycemia of the type seen in 
cases 1, 2, and 3 can be diagnosed by feeding a test 
dose of casein (1.5 g. per kg.) or L-leucine (0.15 
g. per kg.) to the fasting subject and noting the 
blood sugar level at frequent intervals for the next 
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ninety minutes. Other amino acids may well 
cause a fall in blood glucose and one of us 
(W.A.C.) is now investigating this possibility. 

It would not be practical or even wise to attempt 
to restrict the protein intake of growing children 
but the results suggest that in this particular type 
of hypoglycemia high protein feeds should be 
avoided. We have suggested that small amounts 
of carbohydrate be given thirty to forty minutes 
after the ingestion of a feed to offset the effect of 
the protein in lowering the blood sugar. The 
natural course of the disease leads to less frequent 
fits as the child gets older but permanent mental 
deterioration will set in early in life if many hypo- 
glycemic fits occur. The prognosis is good if 
acute hypoglycemic episodes are avoided by these 
means. 

SUMMARY 


Protein, leucine, or isovaleric acid, fed to three 
members of a family with spontaneous idiopathic 
hypoglycemia, caused a marked fall in the fasting 
true blood sugar level. They had a similar effect 
in a fourth child with hypoglycemia due to islet 
cell hyperplasia, but had no effect in normal fasting 


individuals. In another case of spontaneous idio- 
pathic hypoglycemia casein had a less marked 
effect. 

High protein feeds produced more fits and lower 
blood sugar values in the affected family than did 
a low protein diet. 

The non-sugar reducing level was significantly 
outside the normal range in some blood samples 
from these patients and the apparent blood sugar 
level can be very misleading. The non-sugar re- 
ducing level fell nearly as fast as the true blood 
sugar level on feeding leucine or casein. 

A casein test meal is advocated as a means of 
differentiating this type of hypoglycemia. 
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The possibility that estrogens might under cer- 
tain circumstances influence water and electrolyte 
metabolism is suggested by several observations. 
For instance, estrogens are related chemically to 
the strongly sodium-retaining steroid desoxycorti- 
costerone (1) ; the recurrent ankle edema observed 
in some women before menstruation was consid- 
ered by Fluhmann (2) to be associated with an 
increase in blood estrogen levels; and the edema 
frequently found in late pregnancy occurs at a 
time when estrogen production is at its height (3). 

These considerations led several workers to at- 
tempt to establish a direct relationship between 
water and salt retention on the one hand, and 
estrogenic activity on the other. Thorn and Engel 
(4) found sodium, chloride and water retention 
after a single injection of estrogen into male dogs. 
Later, the same group of workers (5), in a study 
of premenstrual fluid retention, found that de- 
creased urinary excretion of salt and water was 
in two patients associated with an increased out- 
put of estrogenic material in the urine. Knowlton, 
Kenyon, Sandiford, Lotwin, and Fricker (6) 
found diminished urinary excretion of sodium 
following the daily administration of estradiol in 
one normal woman, but Sharpey-Schafer and 
Schrire (7), using twice the amount of estradiol in 
ten women, found no alteration in urinary volume. 

As part of an investigation into the possible 
role of estrogens in the fluid retention of liver 
disease it became necessary to establish the effect 
of continued estrogen administration on water and 
electrolyte metabolism in the normal. Water and 
electrolyte balance studies were therefore carried 
out in eleven normal subjects, and the effect of 
daily administration of estrogen observed. 


PROCEDURE 


Eleven subjects without evidence of cardiac, hepatic, 
renal or other disease likely to affect water and electro- 
lyte metabolism, were selected from the wards of The 
London Hospital. Five subjects were under treatment 


for peptic ulcer, during which time no medication other 
than magnesium trisilicate or aluminum hydroxide was 
given. Two subjects had sciatic nerve pain, one osteo- 
arthritis of the hip, one torn medial meniscus of the knee, 
one hallux valgus, and in one a tuberculous pleural ef- 
fusion had subsided three weeks previously. 

Each subject underwent a water and electrolyte bal- 
ance study, lasting approximately two weeks and divided 
into two periods—the first a “control period,” and the 
second an “estrogen period,” during which daily injec- 
tions of estrogen were given. The subjects were given 
a normal diet, gauged in amount and composition to indi- 
vidual appetite, and remaining constant throughout the 
study in respect of Cl, Na, K, PO,, water and calorie con- 
tent. Diet composition was calculated from appropriate 
tables (8). Sample dietary analyses were not carried out. 
The balance diet was commenced 2 to 3 days before any 
observations were made. Since this diet corresponded 
closely in composition to previous intake in each case, 
no longer period for metabolic adjustment was considered 
necessary. In all subjects daily urinary output of water, 
Na and Cl was estimated. In eight subjects daily urinary 
K output and in six subjects daily urinary PO, output 
were measured. Fecal output of electrolytes and water 
were not determined. “Water balance” (Table I) was 
calculated by subtracting urinary volume from total water 
intake. Eight subjects were weighed daily in the fasting 
state, and in the same clothes. Cases 7, 20 and 21 were 
confined to bed, and weighing was not possible. 

Blood analyses. Plasma concentrations of Cl and Na, 
the total serum protein and the venous hematocrit were 
determined on two separate days during the control 
period, and again on two separate days at the end of the 
estrogen period. 

Extracellular fluid volume. In eight subjects an esti- 
mate of changes in extracellular fluid volume was ob- 
tained by determining the volume of distribution of a 
known quantity of thiocyanate. Exactly 20 ml. 4 per 
cent w/v NaCNS was injected intravenously, no food 
or drink having been taken for the previous twelve hours. 
Plasma samples were collected four and six hours later, 
and their thiocyanate concentration estimated. ‘“Thio- 
cyanate space” was calculated by linear extrapolation of 
these values to zero time. The space was estimated 
twice on separate days both during the control period and 
again at the end of the estrogen period. (Na injected 
for these determinations, about 10 mEq., was in addition 
to dietary Na intake). 

Water tolerance test. After emptying the bladder, one 
liter of tap water was drunk in twenty minutes, no food 
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or drink having been taken for the previous twelve hours. 
The bladder was then emptied hourly for four hours, and 
the volume of urine measured. Two tests were carried 
out in the control period, and two at the end of the estro- 
gen period, on separate days. 

Estrogen. During the estrogen period, estradiol mono- 
benzoate 10 mg. in oil was injected intramuscularly daily. 
This was equivalent to between 0.14 and 0.20 mg. per kg. 
body weight. 

Chemical methods. Heparinized plasma was used for 
all determinations of plasma Na, Cl and CNS. Serum 
was used for total protein determinations. Plasma and 
urinary Na, and urinary K were estimated by the flame 
photometer of Holliday and Preedy (9), except in case 
4 where the plasma and urine Na were estimated chemi- 
cally as described by Aitken and Preedy (10). Plasma 
and urinary Cl was estimated by the method of Schales 
and Schales (11), urinary P by the method of Youngburg 
and Youngburg (12), total serum protein by the Kjeldahl 
method (13) and plasma CNS by the method of Bowler 
(14). The venous hematocrit was obtained by spinning 
heparinized blood in 10-cm. Wintrobe tubes for 20 min- 
utes at 3,000 r.p.m., radius 15 cm. 

Statistical analysis. Where daily measurements were 
obtained (1.e., weight, water balance, urinary outputs 
of Cl, Na, K, PO,), both individual cases and the group 
as a whole were statistically analyzed. Significant dif- 
ferences between mean values for control and estrogen 
periods were estimated by application of the t test, a value 
for P of 0.02 or less being taken as critical both here 
and in all succeeding tests. The significance of group 
mean differences between control and estrogen period 
means (d) was similarly estimated. 

Where less frequent observations were made (zi.e., 
plasma determinations of Cl, Na, serum protein, venous 
hematocrit, thiocyanate space) group analysis only was 
undertaken, the significance of group mean differences 
(d) being estimated by the t test as above. 

Weight measuremenis in cases 43 and 44 could not be 
so analyzed due to a steady gain in weight during both 
control and estrogen periods. Regression lines for both 
periods were therefore constructed. The significance 
of differences between control and estrogen regression 
lines were estimated by the t test. 


RESULTS 


Measurements of weight, “water balance,” and 
urinary outputs of Na, Cl, K, PO, were obtained 


daily. Mean values for control and estrogen pe- 
riods derived from these daily observations are 
given in Table I. Figures in brackets under each 
pair of means indicate the probability (P) that 
the difference between these means could have 
been due to chance. As “water balance” denotes 
the figure obtained when daily urinary volume is 
subtracted from total daily water intake, an in- 
crease in this figure implies retention of water. 
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Measurements of serum protein, venous hemato- 
crit and thiocyanate space appear only in Table I, 
the figures representing means of two, or occasion- 
ally three, observations on separate days. 

At the foot of Table I are given the group mean 
differences (d) between control and estrogen pe- 
riods for each class of observation (¢e.g., urinary 
output of Cl, K, etc.) for the whole group, together 
with the value for P. 

Weight. Group mean difference (without cases 
43 and 44) was + 0.28 kg., P = 0.1, indicating no 
significant variation following the administration 
of estrogen. However, analysis of individual 
cases shows that there was in fact a small but 
statistically significant mean rise in weight in Nos. 
4, 13, and 45 during the estrogen period. In ad- 
dition, there was a significant alteration of the 
regression line slope in No. 44, indicating an in- 
creased rate of weight gain. 

Water balance. No significant difference be- 
tween control and estrogen periods was observed. 
Neither the group means nor the means in any 
of the eleven cases showed any significant change. 

Urinary outputs. Chloride and sodium. Group 
Cl and Na means did not differ significantly be- 
tween periods. There was no significant differ- 
ence between means in any individual case, with 
the exception of No. 13, where the mean daily out- 
put of Cl increased by 36 mEq. (P = 0.02), but 
without any significant change in mean Na output. 

Potassium. There was no significant difference 
between group means. Differences between means 
in the eight individual cases in which this meas- 
urement was made were likewise non-significant. 

Phosphate. The was no significant difference 
between group means. However, in two cases out 
of the six in which this estimation was made 
(Nos. 21 and 76), there was a mean daily decrease 
in phosphate output of 13 and 17 mEq. respec- 
tively. These differences were significant (P = 
0.01). In the remaining four cases the differences 
were non-significant. 

Total serum protein level. No significant de- 
crease in the group mean serum protein value was 
observed following the administration of estrogen 
(d = — 0.26 g. per 100 ml., P=0.1). This esti- 
mation was done in seven cases. 

Venous hematocrit. There was a significant 
decrease in the volume of packed cells, mean dif- 
ference between control and estrogen period — 2.8 
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TABLE II 
Water tolerance tests 
Hourly urinary volume in ml. in (a) control period, (b) estrogen period. Each figure represents the mean of two or 


three tests on alternate days. 


d = group mean difference. 


P = probability derived from t test 
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per cent, P= 0.01. This estimation was done in 
eight cases. 

“Thiocyanate space.” The difference observed 
between the control and estrogen period group 
means of the eight cases in which this estimation 
was made was of borderline significance (d = + 
0.83 L., P = 0.06). 

Plasma chloride and sodium levels. These ob- 
servations are not included in Table I. No sig- 
nificant difference between control and estrogen 
periods was observed (d = 0 mEq. per L., P= 
1,d = —0.3 mEq. per L., P = 0.9, respectively). 


Water tolerance tests. Details of the four 
hourly urinary volumes are given in Table II. 
Each figure represents the mean of two tests 
carried out on separate days. The tests were per- 
formed in five subjects. Mean differences for 
each hourly output between control and estrogen 
periods varied between + 87 and — 62 ml., none 
of which was significant. Mean difference for 
all hours and all cases was likewise non-significant. 

For each subject daily urinary output figures for 
Cl and Na, together with those for water balance, 
were expressed as a percentage of the control pe- 


Daily Estrogen 














WEIGHT 


URINARY Na OUTPUT 














Fic. 1, 


Tue Errect or Darty EstroGEN ADMINISTRATION ON WEIGHT, URINARY CL AND Na Output 


AND WATER BALANCE (ToTAL WATER INTAKE Less UrniNARY OUTPUT) IN THE NORMAL 
Control period: days 1 to 6, estrogen period: days 7 to 14. Each point represents the daily average for 


the group expressed as a percentage of the control 


period mean. Horizontal dotted lines denote 95 per 


cent confidence limits for the control period for each class of observation, 
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Na: Cl ratio 








Daily Estrogen 











Days 


Fic. 2. THe Errect or Datty EstroGEN ADMINISTRATION ON URINARY NA: CL RATIO IN THE NORMAL 


Control period: days 1 to 6, estrogen period: days 7 to 14. Each point represents the daily average 
for the group. Horizontal dotted lines denote 95 per cent confidence limits for the control period. 


riod mean for that subject. The percentages for 
corresponding days were then averaged for all 
subjects and plotted graphically against days in 
Figure 1. Daily weights (cases 4, 13, 45, 55, 74, 
76) were similarly treated. For convenience fig- 
ures for the last six days only of the control pe- 
riod appear in the graphs. 

Inspection of Figure 1 shows that following the 
administration of estrogen there was a systematic 
fall in Cl and Na output during the first four days, 
followed by a rise in the contro! level or above 
in the last four days. This was associated with 
a similar but inverse variation in water balance. 
That the water and electrolyte changes were 
closely related is shown by a Na/water balance 
correlation coefficient of 0.90, P = 0.001. Weight 
showed a slight tendency to rise after estrogen 
administration. 

In Figure 2, the average daily urinary Na: Cl 
ratios for the group were plotted against days. 
There was a fall in the ratio, followed by a rise 
to control levels or above, during the estrogen pe- 
riod corresponding in time to the Na and Cl varia- 
tions seen in Figure 1. 

The statistical significance of these variations in 
Cl and Na output is indicated by the presence of 
at least four consecutive points below the 95 per 
cent confidence limits in Figures 1 and 2. As re- 
gards the weight observations, although the mean 
value in any one day did not lie outside the 95 per 
cent confidence limits, the fact that the last seven 
points in the estrogen period were above the 


control mean has a probability of occurring by 
chance of only (%4)’, or 1:128. The highly sig- 
nificant negative correlation between Na output 
and water balance already mentioned, indicates 
that the variation observed in the latter was also 
significant. 

Calculation of the cumulative balance of Cl, Na 
and water during the estrogen period (taking the 
mean of the control period as indicating the aver- 
age output of each substance at equilibrium on the 
diet taken) showed that there was an average 
positive balance of Cl at the end of the estrogen 
period amounting to 20 mEq., and of Na amount- 
ing to 33 mEq. The Na: Cl ratio of these figures 
of 1:0.6 is that which would be expected, if all 
Cl and Na apparently retained had been stored 
as extracellular fluid (ECF). Calculated cumula- 
tive balance of water, however, appeared to indi- 
cate no change between periods, average balance 
figure at the end of the estrogen period being + 43 
ml. only. 

The average weight gain at the end of the estro- 
gen period was 0.6 kg. (cases 43 and 44 were 
included by taking into account the difference be- 
tween the regression lines). Of this, only 0.2 kg. 
could be accounted for by increased volume of ex- 
tracellular fluid, if the latter were calculated from 
the average retention of Cl and Na given above. 


DISCUSSION 


Statistical analysis of the group as a whole 
(Table I) failed to show that estradiol administra- 
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tion had any sustained effect on weight, or on the 
urinary output of water, Na or Cl. However, al- 
though no sustained alteration in urinary Na and 
Cl output was found, the presence of a systematic 
variation in the output of these substances during 
the estrogen period is clearly demonstrated in 
Figure 1. Since dietary NaCl intake remained 
constant, and assuming no significant change in 
fecal excretion of these ions, the findings indi- 
cate that estrogen caused a limited storage of Na 
and Cl followed by a diuresis while injections 
were still being continued. 

It appears that this NaCl storage occurred in 
association with an increase in extracellular fluid 
(ECF) volume, since there was no change in 
plasma Na and Cl concentrations, there was an in- 
crease in weight, and there were corresponding 
changes in water balance (Figure 1). There was 


in addition a significant decrease and increase in 
urinary Na: Cl ratio (Figure 2). The NaCl con- 
tents of a normal diet are roughly equivalent. 
This was reflected in the present series by an aver- 
age urinary Na:Cl ratio of approximately 1:1 
during the control period. Any increase in ECF 


volume under these conditions must be accom- 
panied by a decrease in urinary Na: Cl ratio, such 
as is observed here. 

Further evidence for an expansion of ECF is 
provided by the average increase in thiocyanate 
space, although this increase was of border- 
line significance only. The thiocyanate method 
for estimating ECF volume is open to various ob- 
jections (15-17) (in common with many other 
methods), but is probably adequate when used to 
detect changes in the same subject under the con- 
ditions of the present study. 

The diminution in serum protein concentration 
and venous hematocrit by almost the same per- 
centage of the control mean (4.0 and 6.2, respec- 
tively) suggests a common influencing factor, that 
is, an increase in plasma volume of about 5 per cent. 
This is in agreement with the findings of other 
workers. Increased plasma volume has been 
found in both animals (18) and humans (19) 
after the injection of estradiol. It would appear, 
therefore, that the intravascular compartment 
takes part in the expansion of ECF following 
estradiol administration. 

It is not certain that the observed increases in 
weight following estrogen can be entirely ac- 
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counted for by an increase in ECF volume. The 
average cumulative balance figures, and those in 
some individual subjects, suggest that the weight 
increases may have been due in part to some other 
factor. This factor may be an increase in tissue 
formation, since estrogens have known anabolic 
properties (20). 

The significant decrease in urinary PO, output 
after estrogen, observed in cases 21 and 76 might 
be accounted for by retention of PO, as part of 
the process of increased tissue formation. How- 
ever, it seems more likely that PO, was retained 
in association with Ca, since Albright and Reifen- 
stein (21) have shown that a positive calcium and 
phosphorus balance may be induced in patients 
with osteoporosis by estradiol administration. It 
is noteworthy that both our cases had a limb im- 
mobilized in plaster. 

The absence of change in the result of water 
tolerance tests after estrogen is to be expected, 
since the tendency to store NaCl after estrogen 
administration in these subjects was both slight 
and transient, and daily urinary volume was not 
affected to any great degree. 

Our results are in general agreement with those 
of Thorn and Engel (4) in dogs, and extend the 
observations of Knowlton, Kenyon, Sandiford, 
Lotwin, and Fricker (6) on one normal woman. 
The failure of Sharpey-Schafer and Schrire (7), 
using the same dosage of estradiol as ourselves, 
to find any alteration in urinary volume in their 
subjects was presumably due to the small changes 
involved. Urinary Na and Cl outputs (a more 
sensitive index) were not determined by them. 
However, Shapiro (22), using four to five times 
the dose of estradiol in normals, did observe a 
marked decrease in urinary volume followed by a 
diuresis on cessation of the estrogen. The differ- 
ence between these results is presumably due to the 
dose employed. 

The mode of action of estradiol in retaining 
salt and water is uncertain. The absence of any 
significant effect on urinary K excretion in dogs 
(4) or in man in the present series suggests that 
the action may not be via the adrenals. Moreover, 
Thorn and Engel (4) found that adrenalectomy 
did not affect the salt-retaining effect of estrogen 
in their dogs. The action of estradiol may there- 
fore be directly in the kidney. Since it has been 
shown (23) that administered estradiol does not 
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affect the renal clearances of mannitol or of para- 
amino-hippuric acid, a direct action on the renal 
tubules may be involved. 


SUMMARY 


1. The effect of daily administration of estradiol 
on water and electrolyte metabolism has been stud- 
ied in a group of 11 normal subjects. 

2. A slight and transient decrease in urinary 
output of Cl, Na and water was observed, which 
was significant. 

3. Plasma Cl and Na levels were not signifi- 
cantly affected. 

4, There was no significant change in urinary K 
output in any of eight cases. 

5. Urinary PO, output was not significantly 
changed in 4 out of 6 cases. In the two remaining 
cases, there was a small but significant decrease. 

6. There was a decrease in total serum protein 
and venous hematocrit by approximately the same 
percentage amount, suggesting an increase in 
plasma volume. 

7. Evidence is presented that the transient de- 
crease in urinary Cl, Na and water output is as- 
sociated with an increase in extracellular fluid 
volume. 
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METABOLISM. 


II. HEPATIC DISEASE 
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In chronic hepatic disease, the accumulation of 
fluid as ascites or edema is commonly observed 
(1). A similar tendency can also be demonstrated 
in acute hepatic disease, often in the absence of 
clinically detectable ascites or edema (2-4), sug- 
gesting that a common fluid-retaining factor may 
operate in both chronic and acute diseases. 

Although diminished plasma colloidal osmotic 
pressure, resulting from lowered plasma albumen 
levels, has been put forward by some observers as 
the chief fluid-retaining factor in chronic liver dis- 
ease (5-7) others have failed to find a constant 
correlation between the appearance of ascites and 
edema on the one hand and plasma albumen levels 
on the other (8, 9). Furthermore, the fluid re- 


tention of acute hepatic disease is not usually as- 
sociated with abnormally low plasma albumen 


concentrations (2). 

In search for other fluid-retaining factors, the 
possibility was suggested that in liver disease the 
hepatic inactivation of fluid-retaining hormones 
might be impaired, and from this point of view 
Ralli, Robson, Clarke, and Hoagland (10), in- 
vestigated the role of the pituitary anti-diuretic 
hormone. 

However, it seemed more probable that a pri- 
marily sodium-retaining hormone might be in- 
volved. Estrogens have been shown to have a 
salt-retaining action in animals (11), and there 
is much evidence to show that in animals these 
hormones are normally inactivated by the liver 
(12). Moreover, in human liver disease there 
are certain clinical features which are best ex- 
plained on the basis of increased estrogen activity 
(13-15). These observations suggest that de- 
creased inactivation of endogenous estrogen may 
occur in human liver disease, whicii may lead in 
turn to sodium-retention. Under these circum- 
stances the administration of exogenous estrogen 
to cases of liver disease would be expected to result 
in far greater retention of sodium than in normal 


subjects (16). 


The effect of the daily administration of estrogen 
on water and electrolyte metabolism has been 
studied in cases of human hepatic disease. To 
elucidate further the mechanism of the changes 
observed, the study was extended to include cases 
of obstructive jaundice, ascites without hepatic dis- 
ease, and portal hypertension without hepatic 
disease. 

CLINICAL DATA 


Male and female cases were selected from the wards 
of The London Hospital. In no case was there evidence 
of cardiac or renal disease. In most cases, diagnosis 
was established by hepatic biopsy, at laparotomy or at 
subsequent post-mortem examination. Of the remainder 
only cases presenting typical clinical features were 
accepted. 

Group 1—Hepatic cirrhosis with ascites (9 cases). The 
following categories were rejected: (a) Where accumu- 
lation of ascites was so rapid as to require paracentesis 
during the study. Only cases where ascites was accumu- 
lating or decreasing slowly were studied. (b) Where 
ascites could only be controlled by a low-Na diet. Con- 
trol urinary Cl and Na levels under these circumstances 
were too low to enable the effect of estrogen to be ade- 
quately observed. (c) Where ascites had occurred only 
as a temporary episode complicating hematemesis. Two 
cases (Nos. 33 and 62) where ascites was about to de- 
velop were accepted, together with one (No. 56) where 
a chronic ascites had recently disappeared with treat- 
ment in hospital. One case (No. 62) was studied twice 
at different stages of the disease. 

Group 2—Hepatic cirrhosis without ascites (12 cases). 
Cases in whom there was a past history of ascites only 
as a temporary episode complicating hematemesis were 
included. Two cases were studied twice at different stages 
of the disease (Nos. 16 and 22). Both early and ad- 
vanced cases were included. 

Group 3—Infective hepatitis (4 cases). All cases in 
this group (except No. 48) showed signs of recovery by 
the time estrogen was administered. Infective hepatitis 
occurred rarely during the period of these studies and 
only one case (No. 48) in the most severe category was 
available. 

Group 4—Obstructive jaundice (5 cases). Only cases 
with chronic and apparently complete obstruction of the 
biliary passages were accepted. Cases of gall stones were 
excluded. 
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THE Errect oF EstroGEN ADMINISTRATION ON Dat_ty WEIGHT, Urtnary SoprumM OuTpuT AND 


WatTER BALANCE IN CirrHOosIs WITH ASCITES 


Control period, days 1 to 6; estrogen period, days 7 onwards. 
for the group expressed as a percentage of the control period mean. 
Horizontal interrupted lines denote the 95 per cent confidence limits for the 
Results in the normal group are inserted for comparison 


intake less urinary output. 
control period for each class of observation. 
(continuous line). 


Group 5—Ascites without hepatic disease (3 cases). 
Cases were chosen where hepatic, cardiac or renal dis- 
ease could be excluded. Cases were not accepted in 
which ascites was accumulating so rapidly that para- 
centesis might become necessary during the study, or in 
which ascites could only be controlled by a low Na diet. 
Two cases had carcinomatosis peritonei and one had tu- 
berculous peritonitis. 

Group 6—Portal hypertension without hepatic disease 
(2 cases). In the two cases in this group portal hyper- 
tension was due to splenic vein thrombosis. Liver func- 
tion tests were normal, hepatic biopsy showed normal 
histology, and the liver appeared normal at laparotomy. 
There was no ascites. 

The balance study, estradiol dosage, estimations, meth- 
ods and presentation of results are as described in the 
previous paper (16) with the following exceptions. The 
“thiocyanate space” was not determined in cases with 
ascites, due to difficulty in obtaining an equilibrium CNS 
concentration between plasma and ascitic fluid. In 
statistical analysis an extended use was made of regres- 


Each point represents the daily average 
Water balance = daily total water 


sion line comparisons, particularly in the analysis of 
weight trends. Values for P (derived from the t test) 
of between 0.03 and 0.05 were regarded as of “borderline 
significance.” In calculating group mean differences for 
weight, cases where there was an obvious trend during 
the control period (marked by an asterisk in Tables I 
to IV) were omitted. 


RESULTS 
Cirrhosis with ascites (Table I) 


W eight. 


The group mean difference between 
control and estrogen periods was calculated only 
from the four cases (Nos. 33, 56, 58, and 62) in 
which there was no obvious trend during the con- 


trol period. In the remaining cases, regression 
lines were calculated for both periods. In all 
these subjects (except No. 17) a highly significant 
difference between control and estrogen regres- 
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sion lines was observed, the difference indicating 
an increased rate of weight gain during the estro- 
gen period in case 1, and a slightly decreased rate 
of gain in case 64. In cases 24, and 28 there was 
a complete reversal of a downward trend following 
estrogen administration. In cases 33, 56, 58, and 
62, the significance of differences between means 
could be tested. There was a significant increase 
of weight in cases 33, 56, and 58. 

Water balance. There was a group mean dif- 
ference between periods of + 283 ml. which was 
significant. In individual cases an increased mean 
figure was observed in all cases, except in No. 17, 
but the difference was of a magnitude to attain sig- 
nificance only in cases 24, 28, and 33. 

Daily urinary outputs. Cland Na. There was 
a group mean difference between periods of — 36 
mEq. Cl and — 46 mEq. Na, each difference be- 
ing highly significant. A significantly decreased 
mean output of Cl and Na during the estrogen 
period was observed in each subject, except in 
Nos. 56, 58, and 62. In No. 58 the decrease in 


both Cl and Na was of borderline significance, and 
in case 62 the decrease in Na was significant, but 
that in Cl was not. In case 56 no significant vari- 


ation in either Cl or Na occurred during the estro- 
gen period. 

K. This estimation was performed in seven 
cases. There was no significant difference be- 
tween periods as a group. In case 56, there was 
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a small but significant increase in average output 
of K, and in case 64 a small but significant 
decrease. 

PO.. Phosphate output was studied in four 
cases, The group mean difference was not sig- 
nificant and there was no significant difference 
between period means in any individual case. 

Total serum protein, There was a mean de- 
crease of 0.57 g. per 100 ml., which was of border- 
line significance. This represents a mean decrease 
of 8 per cent of control values. 

Venous hematocrit. A mean decrease of 1.7 per 
cent was observed in the seven cases in which this 
observation was made. The significance was 
borderline. This represents a mean decrease of 
4 per cent of control values. 

Plasma Cl and Na. No significant variation in 
concentration was observed following the ad- 
ministration of estrogen (d = — 0.3 mEq. per L. 
[P = 0.8] and + 0.7 mEq. per L. [P = 0.8], re- 
spectively ). 

Water tolerance test. Mean results for the five 
cases studied are given in Table IV. The hourly 
differences were either non-significant or of bor- 
derline significance, but the mean difference for 
all hours and all cases (— 67 ml.) was highly sig- 
nificant (P = 0.01). 

In contrast to the normal findings there was a 
marked and sustained fall in daily average uri- 
nary Na output (Figure 1), accompanied by an 

















Days 


Fic. 2. Tue Errect oF EstroGEN ADMINISTRATION ON THE Datty Urinary Na/CI Ratio In 
CIRRHOSIS WITH ASCITES 


Control period, days 1 to 6; estrogen period, days 7 onwards. 


Each point represents the daily 


average for the group. Results in the normal group are inserted for comparison (continuous 


line). 
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equally sustained rise in water balance and in 
weight during the estrogen period. The extent of 
the 95 per cent confidence limits for the cirrhotic 
group indicates the high degree of significance of 
these findings. The figures for weight are neces- 
sarily cumulative, and, since there was a steady 
fall during the control period, the increase follow- 
ing estrogen administration should be measured 
from the last day of the control period and not 
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from the control mean. The extent of weight gain 
is then seen to be far greater than in the normal. 

Daily average urinary Na/Cl output ratios (Fig- 
ure 2) decreased from a control mean of 0.94 to 
a sustained level of approximately 0.67 during 
estrogen administration, in contrast to normal 
values. 

There was an average apparent retention during 
the estrogen period of 325 mEq. Na, 218 mEq. Cl, 


TABLE III 


The effect of estrogen administration in obstructive jaundice, infective hepatitis, ascites without hepatic disease 
and portal hypertension without hepatic disease { 


— 5 
Control Estrogen 
Period Period 


Water 


Case Balance 
(ml.) 


Voight 


Chloride 
(kg) (mEq) 


ly Uriory Output te Serun 


Venous 
Hematocrit 
(#) 


Sodim #§ Potassium 
(mBq) (mq) 


Proteia 


Phosphate 
(g./100 nl.) 


cae! 





(a) (v) (a) (») 
OBSTRUCTIVE JAUNDICE 


3 7 


(a) (») (a) () 


155 114 


51,2 bee 
3 (0,01) 


650 820 
(0,01 (0.4) 


840 860 75 61 
(0.6) (0.1) 


o.2” 


Modi 


45.6 45.2 
(0.7) 


43 42.6 600 715 
(0,01) (0.1) 


PR: Met” 


5709 57% 1165 1460 
(0.3) (0,09) 


+148 
0,08 


102 80 
(0.01) 


-18,8 
0,02 


Mean difference -0.7 
iy 0,08 


INFECTIVE HEPATITIS 


— ee 


2 6 13 217 206 


(0.4) 


96 110 
(0.3) 


249 167 
(0.01) 


*Co.8}, 


25 
0.3 


1085 1280 
(0.2) 


230 1380 
(0,01) 


215 995 
(0,02) 


1210 Mad 
(0,05 


Lg 


42,8 43 oh 
(0,01) 


10 10 11 

48 incr # 
(0,01) 

61.6 64.8 
(out) 


75 7 9 


+418 


Mean difference 
P 0,04 


ASCITES WITHOUT HEPATIC DISEASE 


25 10 40 iner = 
(0,01) 


incr s 
(0,01) 


428 107 
(0.09) 


470 115 
(0,01) 


1200 1270 
(0,5) 


Mout 


171 50h 
(0,01) 


incr s 
(0,01) 


66 60.5 576 
(0,01) 


35 1h 10 


PORTAL HYPERTENSION WITHOUT HEPATIC DISEASE 


th 8 10 57h 58.0 830 - 
. (0,03) (0.3 


re 8 9 65.9 66.5 890 1100 
" (0.01) (0,1) 


t See footnote, Table I. 


158, 125 
am (0204) 


175 168 
(Ob) 


(a) (vo) (a) (bv) (a) (do) (a) (bo) = (a) (d) 


165 447 
(0.1) 
69 43 60 55 50 48 
(0,03) (0.2) (0.7) 
70 62 51 46 
(0.4) (0.04) 


139 107 85 7h 60 51 
(0.03) (0.05) (0.7) 


51 A 39 33 73 65 
(0,1) (0,06) (0,2) 


-20 x: “9 o2 =3 8 
0,02 0,04 0.3 


64 64 
(0.9) 


195 18h 
(0.2) 


108 108 
(0.7) 


260 168 
(0,01) 


96 «8&7 
(0.2) 


(Ook) 
66 68 
(0,5) 


-20 
0.9 


62 62 
(0.9) 


50 48 
(0.6) 


incr » 
(0.01) 


“0.06 


188 123 
(0,01) 


64 55 
(0.03) 


153 133 
(0.2) 


186 166 
(0.2) 


56 6 
(0.5) 
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and 1950 ml. water. There was an average gain 
of weight of 2.06 kg. These values are in approxi- 
mately the expected proportion, if the changes 
observed were due to an increase in the volume of 
extracellular fluid (ECF). Since intake remained 
constant and there were no abnormal losses, these 
findings taken together indicate that the retention 
of Cl, Na, and water was in fact due to an increase 
in ECF volume. 


Cirrhosis without ascites (Table IT) 


Weight. There was no significant difference 
between periods in the group as a whole. There 
was, however, a significant increase in weight in 
five individual cases (Nos. 18, 19, 22, 70, and 71), 
and a significant decrease in two (Nos. 72 and 
73). 

Water balance. The group mean difference of 
+ 28 ml. was not significant. There was no sig- 
nificant difference between period means in any 
case, but in No. 18 a difference of + 190 ml. was 
of borderline significance. 

Daily urinary outputs. Cl and Na. There was 
a small but significant difference between control 
and estrogen periods in both Cl and Na outputs, 
‘group mean differences being — 10.0 mEq. Cl and 
— 14.1 mEq. Na. 

No significant difference was observed in in- 
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TABLE IV 


Water tolerance tests * 








Urinary volume (ml.) 


ist 2nd 3rd 4th 
hour hour hour hour 





All four 
hours 


No. of 
subjects 





Cirrhosis with ascites 
—113 —51 
(0.04) (0.03) 
Cirrhosis without ascites 
—100 —22 
(0.01) (0.6) 
Obstructive jaundice 


+3 +58 —20 
(0.3) (0.6) (0.7) 


—67 
(0.01) 


—25 
(0.06) 


—80 
(0.2) 


- 9 
(0.8) 


—39 
(0.06) 


—25 
(0.7) 


—58 
(0.1) 


—16 
(0.6) 





* Figures represent the group mean differences be- 
tween control period and estrogen period tests (P figures 
are in parentheses). 


dividual cases, except in Nos. 16, 18, and 39. In 
cases 16 and 39 there was a small but significant 
decrease in Na output alone during the estrogen 
period; in No. 18 a significant decrease was ob- 
served in both Cl and Na. 

K. There was no significant difference between 
periods as a group nor in any of the nine cases in 
which the estimation was done. 

Total serum protein. There was a significant 
decrease, mean difference being — 0.4 g. per 100 
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See footnote, Figure 1. 
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ml. This represents a decrease of 5.5 per cent of 
control values. 

Venous hematocrit. A mean decrease of 1.2 
per cent was not significant. This estimation was 
done on seven cases. It represents a decrease 
of 3.0 per cent of control values. 

“Thiocyanate space.’ This observation was 
made in five cases only. There was a mean in- 
crease of 1.16 L. which was of borderline signifi- 
cance, 

Plasma Cl and Na levels. No significant change 
was observed in the level of either ion (group 
mean differences, + 0.2 mEq. per L. Cl and + 0.6 
mEq. per L. Na, P = 0.8 in each case). 

Water tolerance test (Table IV). This test was 
performed in five cases. The group mean differ- 
ence between periods for all hours and all cases 
of — 39 ml. was not significant. Analysis of re- 
sults by hours shows that there was a significant 
difference following estrogen administration only 
in the second hour (d = — 100 ml., P = 0.01). 

Figure 3 indicates that there was no marked 
difference between the cirrhotic group and the 
normal in respect of average daily weight or wa- 
ter balance, but average daily Na outputs in the 


cirrhotic group were somewhat lower during the 
estrogen period. In addition, the Na output failed 
to return to the control mean in nine days, whereas 
in the normal group, values rose above the con- 


trol mean in seven days. Daily average urinary 
Na/CI ratios did not differ significantly from the 
normal. 

There was an average apparent retention of 126 
mEq. Na, 99 mEq. Cl, and 266 ml. water and an 
average weight gain of 0.74 kg. during the estro- 
gen period. Na and Cl were retained in approxi- 
mately the proportion expected, if retention were 
solely due to increased extracellular fluid volume, 
but the apparent retention of water and the in- 
crease in weight were not in the expected propor- 
tions. 


Obstructive jaundice (Table III) 


Weight. There was, as a group, no significant 
change during the estrogen period. Individual 
records show either no significant change (Nos. 
23, 40, 42), or a small but significant decrease of 
weight during the estrogen period (Nos. 3 and 
29). However, inspection of the individual rec- 
ords in these two cases indicated that a decreasing 


437 


tendency was already evident during the last days 
of the control period, although there was no sys- 
tematic tendency throughout the period as a whole. 

Water balance. No significant variation oc- 
curred as a group during the estrogen period nor 
was there any significant variation in any indi- 
vidual case. 

Daily urinary outputs. Cland Na, There was 
a significant decrease in Cl and Na (group mean 
differences, — 18.8 mEq. Cl, and — 20.8 mEq. Na, 
P = 0.02 in each case). 

In individual cases, there was a significant de- 
crease in Cl output alone in cases 3 and 42, and a 
decrease in Na output alone of borderline signifi- 
cance in cases 23 and 40 (P = 0.03). 

K. This estimation was done in four cases. A 
group mean difference of —9.2 mEq. was of 
borderline significance (P = 0.04). A decrease 
of borderline significance also occurred in two in- 
dividual subjects (Nos. 29 and 40). 

PO,. There was no significant variation as a 
group nor was there any significant difference in 
any of the four individual cases. 

Venous hematocrit. There was a highly signifi- 
cant mean decrease in packed cell volume of 3 per 
cent (P = 0.01). This represents a decrease com- 
pared with control values of 7.5 per cent. 

There was no significant change in either total 
serum protein levels or in thiocyanate space (mean 
difference for thiocyanate space +19 L. P= 
0.1). 

Plasma Cl and Na. There was no significant 
change following estrogen administration (group 
mean difference + 0.2 mEq. per L. Cl and + 0.4 
mEq. per L. Na, P = 0.9 in each case). 

Water tolerance test (Table IV). The mean 
difference between control and estrogen periods 
for all cases and all hours was not significant. 
Analysis of hourly results indicated no significant 
difference between periods for any hour. 

Figure 4 shows that Na output decreased well 
below the normal range, but rose above control 
levels by the end of the estrogen period. Water 
balance rose above the 95 per cent confidence lim- 
its, then returned to control values, the variation 
corresponding to that of Na output. Weight 
which had been falling steadily during the control 
period, rose during the estrogen period. Average 
daily urinary Na/Cl ratios did not however vary 
significantly between periods. 
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See footnote, Figure 1. 


There was an average apparent retention of 178 
mEq. Cl and 167 mEq. Na, and 1360 ml. H,O 
during the estrogen period. There was an average 
increase in weight (estimated from the last day 
of the control period) of 0.25 kg. These figures 
are not in the proportion expected if retention were 
due solely to an increase in ECF volume. 


Infective hepatitis (Table III). 


Weight. (Group analysis was not attempted. ) 
There was a significant increase in weight during 
the estrogen period in cases 2, 10, and 48, being 
particularly marked in No. 2. In No. 48, the fall- 
ing tendency during the control period was re- 
versed following estrogen administration. 

Water balance. There was a group mean differ- 
ence of + 418 ml. between periods, which was of 
borderline significance (P = 0.04). In cases 10 
and 48, there was a significant increase in water 
balance during the estrogen period. In case 75 
the increase was of borderline significance (P = 
0.05), and in case 2 non-significant. 

Daily urinary outputs. Cland Na. There was 
no significant group mean variation between pe- 
riods in the output of either ion. In case 48, there 
was a significant fall in urinary Cl and Na output 
during the estrogen period. In the remaining 
cases there was no significant change. 


No significant change was observed in urinary 
K output, nor in total serum protein, venous he- 
matocrit and plasma Cl and Na levels. Water tol- 
erance tests were carried out in three cases; there 
was no significant difference between periods. 

In the four cases of infective hepatitis estrogen 
administration had no significant effect as a 
group on water balance or on urinary Cl and Na 
output. However, a significant decrease in uri- 
nary Na and Cl output, accompanied by a sig- 
nificant increase in weight and water balance, did 
occur in case 48. Here an NaCl and water diu- 
resis was temporarily reversed on estrogen ad- 
ministration. The individual record showed that 
a second diuresis occurred when estrogen was dis- 
continued. 


Ascites without hepatic disease (Table IIT) 


Group analysis was not carried out in these three 
cases. In case 25, there was a steady increase in 
weight during the control period due to the ac- 
cumulation of ascites. Estrogen administration 
was accompanied by a slight but significant in- 
crease in the rate of weight gain. There was a 
progressive decrease in urinary Na and Cl ouiput 
during the control period, comparison of regression 
lines indicating that the rate of decrease became 
significantly less during the estrogen period. A 
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significant mean decrease in urinary PO, output 
was observed during the estrogen period, and there 
was a reduction in venous hematocrit of 2 per cent. 

In case 35, there was a steady decrease in weight 
during the control period, which was significantly 
reversed during the estrogen period (P = 0.01). 
No significant change was observed in urinary 
output of Cl, Na, K, or PO,, but total serum pro- 
tein decreased by 0.9 g. per 100 ml., and the ve- 
nous hematocrit by 4 per cent. 
dergoing a slow spontaneous diuresis during the 
control period. The significant decrease in weight 
during the estrogen period was attributable to 
this factor, which also accounted for the significant 
diminution in water balance, and urinary Na and 
Cl output. A slight decrease in K output was of 
borderline significance. 

Plasma Cl and Na levels were not significantly 
affected by estrogen administration in any of these 
cases. Water tolerance tests performed in cases 
25 and 35 showed a mean difference between pe- 
riods for both cases and all hours of — 131 ml., 
which was of borderline significance (P = 0.03). 

There was no indication in any of the three cases 
that estrogen caused any significant alteration in 
NaCl and water metabolism. 


Portal hypertension without hepatic disease 


(Table IIT) 


Group analyses were not carried out. In both 
cases studied there was an increase of weight 
following estrogen administration, significant in 
case 49 and of borderline significance in case 14. 
This was not reflected in any significant decrease 
in water balance or urinary output of Cl or Na. 
A mean difference of Cl only (— 33 mEq.) in 
case 14 was of borderline significance. Urinary K 
and PO, outputs in case 49 were not significantly 
affected. Plasma Cl and Na and total serum pro- 
tein levels were not significantly changed. A de- 
crease in hematocrit of — 2 per cent in case 14 was 
observed. The water tolerance test showed no 
significant change between periods in either case. 

There was no indication that estrogen caused 
any significant retention of water or NaCl in either 
case. 

DISCUSSION 


The considerable and sustained retention of Cl, 
Na, and water observed in the group of cirrhosis 
with ascites following the administration of estrogen 


Case 66 was un-, 
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is in marked contrast with the effect of the same 
dosage in the normal (16). The changes in the 
cirrhotic group were apparent not only in the 
group as a whole (Table I, Figure 1 and 2) but 
also in each individual case, save one (No. 56) in 
which ascites had already disappeared following 
six weeks’ hospital treatment. 

In the group of cirrhosis without ascites, on the 
other hand, the effect of estrogen on NaCl and 
water metabolism did not differ markedly from 
the normal. However, although no significant 
change occurred in any individual case, save one 
(No. 18), a small but significant retention of Cl 
and Na was detected on group analysis (Table II, 
Figure 4), indicating that the difference between 
the two cirrhotic groups of the effect of estrogen 
administration is quantitative rather than quali- 
tative. 

The effect of estrogen on the group of infective 
hepatitis did not differ from the normal in three 
cases, but in the fourth (No. 48) estrogen ad- 
ministration was associated with a marked re- 
versal of an existing NaCl and water diuresis simi- 
lar to that observed in two cases (Nos. 24 and 28) 
in the group of cirrhosis with ascites. It is of in- 
terest that this (No. 48) was the only case of in- 
fective hepatitis in which recovery was not already 
evident by the time estrogen was administered, 
suggesting that NaCl and water retention might 
have been observed more often if more severe cases 
had been available. 

The prominent increases in weight in the ab- 
sence of NaCl retention, observed in some cases 
of infective hepatitis and cirrhosis without ascites 
after estrogen, may be attributable to increased 
tissue formation, as in the normal group (16). 

The evidence (12) that, in sub-primates, the 
liver is the main site of estrogen inactivation is 
convincing. Although somewhat more contro- 
versial (17), the balance of evidence indicates that 
in humans also estrogens are chiefly inactivated in 
the liver (18, 19). 

The marked NaCl and water storage observed 
in the present series of cirrhotics with ascites after 
estrogen administration might be accounted for by 
failure of a diseased liver to inactivate the hor- 
mone. However, the quantitative difference in 
NaCl and water retention observed between the 
two cirrhotic groups would then imply differing 
rates of hepatic estrogen inactivation. Before 
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this thesis can be accepted, various extrahepatic 
factors, which could account for the findings in the 
cirrhotics with ascites, must be excluded. 

Increased abdominal tension (20) or congestion 
of the inferior vena cava (21) can cause, at least 
acutely, a decrease in renal clearance rates. Al- 
though the mechanism of renal excretion of estro- 
gens is not known (22), it is possible that the 
presence of ascites might, by reducing renal clear- 
ances through one of the above mechanisms, delay 
the renal excretion of the estrogen. However, this 
possibility appears unlikely. No impairment of 
renal function was demonstrated in this group of 
cirrhotics with ascites by conventional renal func- 
tion tests, and glomerular filtration rate and renal 
plasma flow have been shown to be in general 
normal in cirrhosis with ascites (23, 24) except 
possibly where ascites is accumulating rapidly 
(25). (Cases in the latter category were ex- 
cluded from this study.) Furthermore, in this se- 
ries marked NaCl and water retention following 
estrogen occurred before ascites had developed 
in case 33, and when ascites was absent in cases 
18 and 48. Finally, no alteration in NaCl and 
water metabolism attributable to estrogen was ob- 
served when the hormone was administered to 
the group of ascites without hepatic disease. 

It is also unlikely that portal hypertension was 
by itself an important factor in the differing re- 
sponse of the two cirrhotic groups, since firstly, 
portal hypertension, as judged by the demonstra- 
tion of esophageal varices on barium swallow, was 
present in several of the group without ascites 
(notably Nos. 58 and 70, in whom the effect of 
estrogen administration did not differ significantly 
from normal), and secondly the response to estro- 
gen administration in the group of portal hyper- 
tension without hepatic disease was within the 
normal range. 

It appears therefore, that the differences ob- 
served between the two cirrhotic groups could 
reasonably be accounted for by differing rates of 
estrogen inactivation. This process may in turn 
be dependent on three intrahepatic factors. 

There is good evidence that in animals estro- 
gens are excreted in the bile (26, 27) and there 
is some evidence that biliary excretion may also 
occur in the human (28). If this pathway were 
important in the human, either for excretion in 


JOHN R. K. PREEDY AND ELSIE H. AITKEN 


the feces, or as part of the process of hepatic in- 
activation, then either extrahepatic biliary obstruc- 
tion or intrahepatic disorganization of the biliary 
tree would presumably result in high blood estro- 
gen levels following estrogen administration. 
However, in the group of extrahepatic biliary ob- 
struction (obstructive jaundice) in this series, 
although some significant retention of NaCl and 
water did occur (Table III) after estrogen ad- 
ministration, this was only of the same order as 
in the group of cirrhosis without ascites, and was 
moreover, transient (Figure 4). These observa- 
tions indicate that failure of biliary excretion of 
estrogen due to a disorganization of the intrahe- 
patic biliary tree is not mainly responsible for the 
NaCl and water retention observed in the group 
of cirrhosis with ascites following estrogen ad- 
ministration. 

Although ine process of hepatic inactivation 
must eventually depend on hepatocellular activity, 
an adequate hepatic circulation must also be es- 
sential. Since evidence from clinical observation, 
hepatic function studies and hepatic biopsy sug- 
gested that hepatocellular damage was rather more 
severe in our group of cirrhosis without ascites, it 
appears possible that the factor deciding the rate 
of hepatic inactivation of administered estrogen 
in this series, and so the degree of NaCl and water 
retention, may be an impairment of the hepatic 
circulation. Estimated hepatic blood flow is 
known to be reduced in cirrhosis of the liver (29), 
but the discrete effects of ascites have not been 
studied. 

Our observations support the view that the ac- 
tion of estrogens may be a factor in the fluid re- 
tention of liver disease, since if exogenous estro- 
gen can produce NaCl and water retention, then 
endogenous estrogen would be expected to have 
the same effect, provided that adequate quantities 
of the hormone were being produced. The find- 
ings of increased urinary estrogenic material on 
bioassay in both chronic (30, 31) and acute (32) 
hepatic disease indicates that estrogen production 
in these conditions is in fact substantial. 


SUMMARY 


1. Daily administration of 10 mg. estradiol ben- 
zoate caused sustained retention of NaCl and wa- 
ter in eight of nine cases of hepatic cirrhosis with 
ascites. 
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2. In hepatic cirrhosis without ascites the same 
dose of estradiol caused NaCl and water retention 
only slightly greater than in the normal, in eleven 
of twelve cases. 

3. The effect of estradiol in five cases of jaun- 
dice due to extrahepatic biliary obstruction was 
similar to that in cirrhosis without ascites. 

4. In a group of four cases of infective hepa- 
titis estradiol caused significant NaCl and water 
retention in one only. 

5. In three cases of ascites without hepatic dis- 
ease and two cases of portal hypertension without 
hepatic disease, no significant NaCl and water re- 
tention attributable to estradiol administration was 
demonstrated. 

6. Evidence is put forward suggesting that the 
NaCl-retaining effect of estradiol in the group of 
cirrhosis with ascites is due to decreased hepatic 
inactivation of the hormone. This decreased inac- 
tivation may in turn be dependent mainly on a 
disturbance of the hepatic circulation, rather than 
on hepatocellular damage. 

7. The above findings indicate that increased 


estrogen activity may be a factor in the fluid re- 


tention of liver disease. 
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THE EFFECT OF ESTROGEN ON WATER AND ELECTROLYTE 


METABOLISM. 


III. CARDIAC AND RENAL DISEASE 
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If the sodium chloride and water retention ob- 
served in cirrhosis with ascites after estrogen ad- 
ministration (1) were due to delayed hepatic in- 
activation of the hormone, and if this were in turn 
dependent on an impairment of the hepatic circu- 
lation rather than on hepatocellular damage, then 
a similar retention of NaCl and water after estro- 
gen would be expected in conditions where the 
hepatic circulation was prominently affected, but 
hepatocellular damage minimal. 

Early cases of constrictive pericarditis and car- 
diac failure from other causes were selected as 
fitting most nearly into the above category, and 
they, together with more advanced cases, were sub- 
mitted to water and electrolyte balance studies, 
during which the effects of estrogen administration 
were noted. Two cases of venous obstruction 
without cardiac failure were similarly studied for 
comparison. 

Since any changes in NaCl and water metabo- 
lism observed in the above groups might be at- 
tributed equally well to delayed renal clearance as 
to decreased hepatic inactivation of the hormone, 
the effect of estrogen administration in water and 
electrolyte metabolism was also studied in primary 
renal disease, and for this purpose a group of 
cases with the nephrotic syndrome was selected, 
and studied as above. Two cases of low plasma 
albumin edema without renal disease were simi- 
larly studied for comparison. 


CLINICAL MATERIAL 


1. Constrictive pericarditis (7 cases). The cases se- 
lected fall into two groups: 

(a) Four cases without symptoms, in whom the disease 
was discovered at routine medical examination for the 
Armed Forces, or for other purposes (Nos. 8, 9, 52 and 
59). There was no detectable ascites in these cases. 
Liver function tests were normal, except for a raised se- 
rum bilirubin (up to 2.5 mg. per 100 ml.), or a slight 
excess of urinary urobilinogen in some cases. Liver 
biopsies in cases 52 and 59 showed minimal focal fibrosis 
only and no cellular damage. These subjects were am- 
bulant for part of the day during the study. 

(b) Three cases with definite symptoms referable to 


the disease (Nos. 46, 53 and 67). Two cases (Nos. 53 
and 67) had had symptoms for several years, and one 
case (No. 53) had had a partial pericardectomy five 
years previously, with little relief. One case (No. 53) 
had ascites at the time of the study, and two cases (Nos. 
46 and 67) had a recent history of ascites, but no de- 
tectable ascites at the time of the study. Liver function 
tests were normal except for raised plasma bilirubin 
levels (up to 2.9 mg. per 100 ml.). Liver biopsy in case 
46 showed slight focal fibrosis and no cellular damage, 
and in case 53 extensive dense fibrosis without significant 
parenchymal change. Cases 46 and 67 were partly am- 
bulant, and case 53 at bed rest during the study. Blood 
urea levels were normal in each group. 

2. Cardiac failure (5 cases). Cases in this group were 
suffering from cardiac disease other than constrictive 
pericarditis—valvular disease in three cases (Nos. 12, 31 
and 32) and of uncertain origin (?arteriosclerotic) in 
two cases (15 and 47). One case was in her first attack 
of failure (No. 32), one in her second attack (No. 47) 
and the remainder had had features referable to cardiac 
failure for 2 to 5 years. Liver function tests were normal 
in all cases except No. 12, where the plasma bilirubin was 
raised to 2.3 mg. per 100 ml. Blood urea levels were 
normal. 

3. Venous obstruction (2 cases). One case in this group 
(No. 28) had superior vena cava obstruction due to a 
mediastinal gumma (shown at postmortem). There was 
constant marked edema of the upper part of the body. 
The other case (No. 68) the inferior vena cava was 
thrombosed, and there was marked edema of the lower 
half of the body, which rapidly subsided with rest in bed, 
accompanied by a NaCl and water diuresis. There was 
no evidence of cardiac, renal or hepatic disease in either 
case. 

4. Nephrotic syndrome (5 cases). In four of the cases 
in this group (Nos. 30, 37, 51, 57) the syndrome was 
caused by chronic glomerulo-nephritis and in the fifth 
(No. 54) by primary renal amyloid disease. There was 
no evidence of cardiac or hepatic disease. Duration of 
the edema was 1 to 18 months, except in case 30 where 
it had been present for 5 to 6 years. There was no ar- 
terial hypertension in any case. Blood urea levels were 
either normal or somewhat raised. Ascites was present 
in two cases (No. 37 and 51). Conventional renal func- 
tion tests either yielded normal results, or indicated 
some impairment of function. 

5. Low plasma albumin edema (2 cases). One case 
(No. 69) in this group had chronic edema of the legs, 
associated with a constant plasma albumin of between 
2.4 and 1.7 g. per 100 ml. over a period of years, which 


443 





*jndjno Areulin ssoj 9yeUI 19}eM 12}0} Aprep = souRjeq Jaze, 


YSlia}se uy ‘aaoqge Aja}eIpswWU! SURAT OM} 94} 0} A[UO Bul}LIO1 gq JOj SANTA BjOUap sjayoeiG Ul SaINSIy 


b°O 


b°z~ 


ai gt 


6% 


(*) 


s°O 


90°0= 
9°2 stl 
2°98 

8°9 

9°2 

29 L°9 
o°L 9°9 


6°9 9°9 


(a) (*) 


9°0 z0°O 
7° 0+ Lo 


(<°0) (70) 
cl 69 67 9S 


(10°0) (40°0) 
19 89 68 bya 


(9°0) (10°0) 
nS SS 86 4 6ONZ 
(70°0) (t0°0) 
€6 Sg ZL ¢@t 


(S*0) (t0°0) 
S9 29 cL 9%k 


(2°0) 
Olt 98L 


(40°0) 
wt +0Z 


(a) (*) 


(4) (*) 


"a] QR} BY2 JO JOO} By} 3e UdAIT are sanyea g YyWM dnos3 ajoyM ay} 1Oj SadUBIAayIp ueayy = “uTes 
JO 0381 posvasep & ,199pP,, PUR ‘pasvasOUT UR Sa}ROIPUT | 4OUI,, ! pazzWO Suleq sanjea uvaUI ‘saul] UOISs4Bai Jo UOSIIVdWIOD WIJ PaAliap aie sanjea q 24} 3eY} Sazeorput (,) 


z0*O 
a 


(S*0) 
G9 tL 


(10°0) 
zor LE 


(40°00) 
lZ6 Lte 


(10°0) 
cg let 


(10°0) 
1@ 2b 


(2°0) 
2lt *10z 


(t0°0) 
ave L6b 


(4) (*) 


70°00 
"Ect 


(z0°0) 
OSGTL OSL 


(10°0) 
ogzt 062 


(10°0) 
Gc6 Sz 


(60°0) 
092+ 0604 


(2°0) 
ome ogd 


(9°0) 
olzt olzt 


(t0°0) 
Gett 058 


(a) (*) 


*(q) polssd uaZo013sa pue (e) poised jo1}U0D JOj Sanjea UPaWT 4} og 4 


d 
eousIeIsIg uss, 


(t0°O) 
% IOUT 


(10°0) 
% IOUT 


(10°0) 
% IOUT 


10°0) 
o°6S 6°2S 


(z0°0) 
e°SS 9°%S 


(10°0) 
9°89 1°99 


(10°0) 
% JOUT 


(a) (*) (4) (*) 





(4) 
37.1003 vuey 
snows, 


(*TH 00/8) 


ujte}O1g 
aries THO] 


(bam) 


uNTSsse{og 


(bam) 
UNTPOg 


(bam) 


eptqoTug 





grmignd Areutin ATT eg 


(*T) 
eoueTeg 
707 8M 


poyteg °° On 
eseg 


porieg 
we8or3 SY TO13U0D 


UP séuq 


(°2%) 
2U3TOM 





| sytpapoisag aaydi4jsu0d ul uoynnaystutupp uabowysa fo jIa fa ayy 


I ATaVL 





ESTROGEN AND ELECTROLYTE METABOLISM—CARDIAC DISEASE 


was unexplained. In the other case (No. 77), the low 
plasma albumin levels were due to inadequate dietary in- 
take of protein, partially remedied during the course of 
the study by a high protein diet. 

The balance study, estradiol dosage, estimation and 
methods and presentation of results are as previously 
described (2). 


RESULTS 
Constrictive pericarditis (Table 1) 


Weight. Group mean difference between con- 
trol and estrogen periods was not calculated due 
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to the proportionately large number of weight 
trends during the control period. There was a 
significant weight gain following estrogen ad- 
ministration in each of the 7 cases studied. 

Water balance. There was a group mean dif- 
ference between periods of + 334 ml. which was 
of borderline significance (P = 0.04). There was 
a significant mean increase in water balance in 4 
of the 7 cases studied. 

Daily urinary output. Cland Na. There wasa 
significant mean decrease in Cl and Na output 
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DIUM OuTPUT AND WATER BALANCE IN CONSTRICTIVE PERICARDITIS 


Control period, days 1 to 6; estrogen period, days 7 onwards. 


Each point repre- 


sents the daily average for the group expressed as a percentage of the control period 


mean. 


Water balance = daily total water intake less urinary output. 


Horizontal 
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Results in the normal group are inserted for comparison 
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following estrogen, group mean difference being 
— 48 mEq. and — 57 mEq. respectively. A sig- 
nificant decrease in Cl and Na output occurred in 
5 of the 7 cases. 

K. Estrogen administration had no effect on 
K output as a group. There was a small but sig- 
nificant decrease in case No. 59, and a small in- 
crease in case 52, which was of borderline sig- 
nificance. 

Total serum protein and venous hematocrit were 
not significantly affected. 

Plasma Cl and Na. No significant difference in 
these levels was observed (group mean differences 
— 0.4 mEq. per L. [P = 0.8], and + 0.4 mEq. 
per L. [P = 0.9] respectively). 

Figure 1 shows that there is a marked and sus- 
tained decrease in average daily urinary Na out- 
put accompanied by an equally marked increase 
in average daily weight and water balance follow- 
ing the administration of estrogen. The above 
changes were accompanied by a significant de- 
crease in Na/Cl ratio during the estrogen period 
(Figure 2). 

By calculation, there was an average gain in 
weight during the estrogen period of 2.6 kg. ac- 
companied by an average apparent retention of 
315 mEq. Cl., 377 mEq. Na and 1970 ml. water. 
These figures are approximately in the proportion 
expected if the gain in weight were due to in- 
crease in extracellular fluid (ECF) volume. 
(Case No. 53 where there was an obvious NaCl 
and water diuresis during the control period was 
not included in this calculation. ) 


Cardiac failure (Table II) 


Weight. There was a significant group mean 
difference between periods of + 0.82 kg. In indi- 
vidual cases, there was a significant increase in 
weight in two cases (Nos. 31 and 47), and an in- 
crease of borderline significance in one case (No. 
12). 

Water balance. There was a group mean in- 
crease following the administration of estrogen of 
256 ml. which was of borderline significance. A 
significant increase was observed in two individual 
cases only (Nos. 12 and 31). 

Daily urinary outputs. Cland Na. There was 
a significant group mean difference between pe- 
riods of — 23 mEq. Cl and — 28 mEq. Na. In 
individual cases, a significantly decreased output 
of Cl following estrogen was observed in two cases 
(Nos. 31 and 47), and a decreased output of 
borderline significance in two (Nos. 12 and 32). 
A significantly decreased output of Na was ob- 
served in all cases except No. 15. 

K. There was no significant change in two of 
the three cases, and in one case (No. 32) there 
was a small increase of borderline significance. 

PO,. Of the three cases, there was no signifi- 
cant difference between periods in No. 31, but a 
small but significant decrease in cases 32 and 47. 

Total serum protein. The mean difference be- 
tween periods was non-significant. 

Venous hematocrit. There was a highly sig- 
nificant group mean decrease in the volume of 
packed cells (d = — 5 per cent, P= 0.02). This 
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Control period, days 1 to 6; estrogen period, days 7 onwards. Each point represents the daily 
average for the group. Results in the normal group are inserted for comparison (continuous 
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Daily Estrogen 














WEIGHT 





Days 
Fic. 3. 
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PUT AND WATER BALANCE IN CARDIAC FAILURE 


See footnote, Figure 1. 


represents a mean decrease below control values 
of approximately 11 per cent. 

Plasma Cl and Na. There was no significant 
difference between periods (d = + 0.4 mEq. per 
L. in each case, P = 0.7, and 0.8 respectively). 

Thiocyanate space. There was a group mean in- 
crease following estrogen of + 2.5 L. which was 
significant. 

Figure 3 shows the significant increase in aver- 
age weight and water balance, and decrease in 
average urinary Na output which occurred dur- 
ing the estrogen period. 

By calculation there was an average weight 
gain during the estrogen period of 2.3 kg. and an 
apparent retention of 221 mEq. Cl., 282 mEq. Na 
and 2170 ml. water. The thiocyanate space was 
significantly increased by a mean of 2.5 L. These 
figures are in the proportion expected if the gain 
in weight were chiefly due to an increase in ECF 
volume. 


Venous obstruction (Table II) 


Group analysis was not attempted. In case 26, 
there was a significant increase in weight during 
the estrogen period. This was unaccompanied 
by any significant difference between periods in 


respect of water balance, or of urinary Cl, Na or 
K output. The decrease in plasma protein con- 
centration was of the same order as in the normal 
group. The small differences observed in plasma 
Cl and Na concentration were within the experi- 
mental error of the methods. 

In case 68, a NaCl and water diuresis occurred 
spontaneously at bed rest. Weight showed a 
rapid decline during the control period, and lev- 
elled off during the estrogen period. The signifi- 
cant differences between periods observed in wa- 
ter balance and urinary Cl and Na outputs are 
due to the gradual cessation of diuresis during 
the estrogen period. There was no significant 
change in urinary K output, nor in total serum 
protein or plasma Cl and Na levels. The failure 
of estrogen administration to affect significantly 
the NaCl and water diuresis in this case is in con- 
trast to the effect on case 53 (constrictive peri- 
carditis), and on other cases (1) where a similar 
diuresis was reversed by estrogen. 


Nephrotic syndrome (Table IT) 


Weight. Group analysis was not attempted be- 
cause of the relatively large proportion of trends 
in the control period. There was a tendency to 
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decrease weight following estrogen administra- 
tion in cases 37, 51 and 57. In case 54, there was 
no significant change, but in case 30 a significant 
increase occurred. 

Water balance. There was no significant group 
mean difference between periods. There was 
similarly no significant difference in any case, ex- 
cept in case 30, where the difference of + 260 ml. 
was significant. A decrease of borderline sig- 
nificance was observed in case 57. 

Daily urinary outputs. Cl and Na. Group 
mean differences between periods were not sig- 
nificant. No significant change was observed in 
any individual case, except in No. 30 where there 
was a significant decrease in Cl and Na output fol- 
lowing estrogen. 

K. Group mean difference between periods was 
not significant. There was no significant differ- 
ence between periods in any individual case. 

PO,. This estimation was done in two cases 
only. A small but significant difference was ob- 
served in case 30 (d = —7 mEq., P = 0.01), but 
there was no significant difference in case 37. 

Total serum protein. No significant difference 
between periods was observed. 

Venous hematocrit. There was a highly sig- 
nificant difference in volume of packed cells fol- 
lowing estrogen administration, d = — 4 per cent, 
P=0.01. This represents a mean decrease of 10 
per cent below the mean control value. 
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Plasma Cl and Na. There was no significant 
difference between periods, d= — 0.4 mEq. per 
L. Cl, and — 2 mEq. per L. Na, P = 0.8 and 0.06 
respectively. 

Thiocyanate space. This observation was made 
in three cases only, Nos. 37, 51 and 54. There 
was an increase in the space in each case of be- 
tween 0.5 and 1.0 L. This increase is of the 
same order as that found in the normal group. 

Figure 4 shows that there was no marked altera- 
tion in the rate of gain in average weight during 
the estrogen period, and that there was no sus- 
tained effect on average sodium output, or on wa- 
ter balance. The urinary Na/Cl ratios likewise 
showed no significant change during the estrogen 
period. 

By calculation, relatively small amounts of Cl, 
Na and water were apparently retained during the 
estrogen period, the mean figures being 88 mEq. 
Cl, 36 mEq. Na, and 330 ml. water. There was a 
mean increase in weight of 0.6 kg., taken from the 
last day of the control period. These figures are 
not in the expected proportion, had the changes 
been chiefly due to increased ECF volume. 


Low plasma protein edema (Table II) 


Group analysis was not attempted. In case 69, 
a small increase of weight during the estrogen pe- 
riod was of borderline significance. This was ac- 
companied by a significant increase in water bal- 
ance, but no corresponding changes in urinary out- 
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See footnote, Figure 1. 





450 


put of Cl, Na or K. No significant alterations in 
the levels of plasma Cl and Na, or of total serum 
protein. 

In case 77, there was a significant increase of 
weight, but no significant change in water balance, 
or urinary Cl, Na or K output. Plasma Cl and 


Na levels were unaltered, but there was a signifi- 
cant increase in total serum protein, associated 
with an adequate dietary intake while in hospital. 


DISCUSSION 


In the group of constrictive pericarditis the ad- 
ministration of estrogen was associated with 
marked and sustained retention of Cl, Na and 
water (Table I and Figures 1 and 4). Similar 
results were also observed in the group of cardiac 
failure, although to a less degree (Table 1 and 
Figures 2 and 3). Both observations are in sig- 
nificant contrast to the slight and transient effects 
on NaCl and water metabolism seen in the normal. 

In the group of nephrotic cases (Table II, and 
Figures 3 and 4) the effect of estrogen on NaCl 
and water metabolism did not differ from the 
normal as a group. In four of the five individual 
cases, there was no evidence of NaCl and water 
retention, but in one case (No. 30) definite re- 
tention did occur. This case differed from the 
remainder in that the nephrotic syndrome had 
been present for 5 to 6 years as opposed to a 
maximum of 18 months in the other cases. The 
NaCl and water retention in this case is unlikely 
to be due to lowered plasma albumen levels, since 
there was no indication of abnormal retention in 
the two cases of low plasma protein edema, fol- 
lowing estrogen (Table II). 

The failure to find significant retention of NaCl 
and water in the nephrotic group is of particular 
interest, since there are two features in common 
between this group and the groups of constrictive 
pericarditis and cardiac failure, namely an existing 
tendency to fluid retention, and a reduction in 
renal clearance rates (3-6). This observation 
indicates that the kidney plays no primary role in 
the NaCl and water retention after estrogen ad- 
ministration. 

In view of the above findings, and since in- 
volvement of the liver is the only factor common 
to all groups in which fluid retention after estro- 
gen occurred and absent from all groups in which 
such fluid retention did not occur (1), it seems 
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likely that the factor deciding this fluid retention is 
hepatic. Furthermore, it seems reasonable to sup- 
pose that this hepatic factor is impaired inactiva- 
tion of the hormone. 

In both constrictive pericarditis and cardiac 
failure due to other causes, the hepatic circula- 
tion is prominently affected. There is increased 
hepatic vein pressure and sinusoidal congestion 
(5, 7,8). Where cardiac output is low in cardiac 
failure of various etiologies, hepatic blood flow is 
reduced in proportion (7). Although hepatic 
blood flow has not been specifically studied in 
constrictive pericarditis, cardiac output and renal 
blood flow are reduced (5) and it is reasonable 
to assume that hepatic blood flow is reduced also. 

Hepatic biopsy studies (8, 9) indicate that al- 
though hepatocellular necrosis and atrophy may 
occur in cardiac failure, these changes are never 
so extensive as to lead to hepatocellular failure 
(as in portal hepatic cirrhosis). These histologi- 
cal changes closely parallel the clinical severity 
and duration of the cardiac failure, and are, more- 
over, reversible, healing taking place when the 
failure is brought under control. 

In our group of constrictive pericarditis, four 
of the cases were early and asymptomatic, and 
hepatocellular damage may therefore be presumed 
minimal. This was in fact demonstrated in two 
(Nos. 52 and 59) of these four cases by hepatic 
biopsy. Even in one of the more severe cases 
(No. 46), structural changes were also found to 
be minimal. In the cardiac failure group, no 
hepatic biopsies were performed, but two cases 
(Nos. 32 and 47) were recovering from first and 
clinically mild attacks of failure, and in these 
hepatocellular damage again presumably 
minimal. 

It is significant that the marked NaCl and wa- 
ter retention observed in these two groups after 
estrogen was not confined to the more advanced 
cases or to cases with existing edema or ascites, 
but occurred also in three of the four early asymp- 
tomatic cases of constrictive pericarditis and in 
both early cases of cardiac failure (Tables I and 
II). 

These observations, together with those already 
described, provide good evidence that fluid re- 
tention after estrogen is greatly dependent upon 
impaired hepatic circulation. Strong support is 
therefore provided for the hypothesis that differ- 
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ing degrees of hepatic circulatory impairment 
leading to differing rates of estrogen inactivation, 
may be responsible for the marked fluid retention 
in cirrhosis with ascites, as contrasted with the 
slight retention in cirrhosis without ascites, after 
the administration of estrogen (1). 

Furthermore, since our results demonstrate that 
exogenous estrogen can cause fluid retention in 
the above groups, it becomes possible that endoge- 
nous estrogen may have a similar affect. In- 
creased estrogen activity may, therefore, be a 
factor in the naturally-occurring fluid retention, 
not only of constrictive pericarditis, but of any 
form of cardiac failure where the hepatic circula- 
tion is permanently affected. 

The above observations do not however, ex- 
clude the action of other Na-retaining hormones, 
and the finding of a sodium-retaining factor re- 
sembling aldosterone in the urine of cases of he- 
patic cirrhosis (10) and cardiac failure (11) sug- 
gests that this hormone is also involved. 

The actual role of aldosterone in the fluid re- 
tention of these conditions remains to be deter- 
mined. Increased aldosterone excretion appears 
to be related rather to low urinary Na levels than 
to the disease process or state of hydration (11). 
Since control urinary Na levels in our cases were 
either within the normal range or high, it would 
appear that fluid retention after estrogen is not de- 
pendent on an existing high degree of aldosterone 
activity. In addition, the fluid-retaining effect of 
estrogen has been shown in our studies to be 
closely if not exclusively, related to hepatic in- 
volvement by disease, whereas urinary aldosterone 
is markedly increased in nephrosis and in normal 
subjects on a low-Na diet (11), where the liver is 
presumably healthy. It would appear, therefore, 
on the evidence at present available, that fluid 
retention after estrogen administration may be 
independent of aldosterone. 


SUM MARY 


1. Daily administration of estradiol caused 
marked NaCl and water retention in cases of con- 
strictive pericarditis, and in cardiac failure of other 
origin, but not in two cases of peripheral venous 
obstruction. 

2. The same dosage of estradiol caused no sig- 
nificant NaCl and water retention in a group with 
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the nephrotic syndrome, nor in two cases of low 
plasma albumin edema without renal disease. 

3. These findings indicate that the NaCl and 
water retention following estrogen administration 
is dependent mainly upon disturbances of the he- 
patic circulation, and that the kidney plays no 
primary role. 

4. This evidence supports the hypothesis that 
the quantitative difference observed between the 
fluid retention of cirrhosis with ascites and that of 
cirrhosis without ascites following estrogen ad- 
ministration may be accounted for by hepatic cir- 
culatory factors. 

5. It is further suggested that increased estrogen 
activity may be a factor in the fluid retention of 
cases of cardiac failure in which the hepatic cir- 
culation is prominently affected. 
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Extended Spectral Range covers not 
only the ultraviolet and visible spectra, but 
the near-infrared. Many materials which 
absorb in the infrared also absorb in the 
near-infrared, and may now be analyzed 
easily and quickly with the Model DK. 


Speed ... Entire spectral range may be 
covered in five minutes or in five hundred. 
Your choice of speeds between these ex- 
tremes. Of course, it is not necessary to cov- 
er entire spectrum . . . as much or as little 
as desired may be recorded, automatically. 


Choice of Data Presentation...record 
in percent transmittance, in absorbance, or 
in spectral energy, as you choose. 


Extreme Resolution and Reproduci- 
bility ... throughout the entire spectral 
range. The DK has such exceptional design 
and construction features that its perform- 
ance is limited only by the basic physics of 
optics, detectors and sources. 


Double Beam Photometry...with single 
detector ... a unique system, designed 
for maximum accuracy, reproducibility and 
sensitivity. 


DK-1 strip-chart recording. Uses a conven- 
tional strip-chart recorder . . . practically any 
wavelength range may be plotted on any length 
of chart. The chart may be expanded, for more 
detailed analysis .. . or compressed, to show a 
wide range on a small chart. Reaction rate 
studies are carried out merely by disconnecting 
the wavelength drive. 
*Kit available for conversion of DK-2 


DK-2 flat-chart recording. Uses a flat 11”x17” 
chart, for easy handling and uniformity. Charts 
are available with a variety of preprinted wave- 
length scales, or without wavelength calibration. 
For reaction-rate studies, an additional motor is 
needed, to drive the recording pen. 


Your Local Harshaw Scientific Office will dem- 
onstrate these instruments for you and give you 
complete details. A telephone call or a post card 
will get prompt attention. 
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Clinical Preparations 


NEW TOOLS FOR MEDICAL SCIENCE 


LYCEDAN ® (srand OF SCHWARZ ADENOSINE-5-PHOSPHORIC ACID) 


In the management of pruritus, including conditions associated 
with varicose ulceration and dermatitis. Also of interest to in- 
vestigators in muscular dysfunctions, cardiovascular conditions, 
multiple sclerosis. 


METHIACIL® (sranpn oF scHWARZ METHYLTHIOURACIL) 


For medical management of hyperthyroid disease. Also available 
for investigation in angina pectoris and congestive heart failure: 
ulcerative colitis. 


MINUCLEIN ® (sranpd oF scHWARZ TONIC NUCLEATES) 


Balanced mineral supplement containing calcium, copper, iron, 
magnesium, manganese and phosphorus, as soluble ribonucleates 
complex. Recommended for study in mineral nutrition. 


TRIPHOSADEN ™ (sranpd oF SCHWARZ ADENOSINE TRIPHOSPHATE) 


Reported of value in experimental treatment of rheumatic and 
cardiovascular conditions, multiple sclerosis, insulin shock therapy. 


TRIPTIDE®* (srand oF scHWARZ GLUTATHIONE) 


For clinical research: detoxification, diabetes, radiation, shock, 
renal function, healing of burns and wounds, adrenocortical hor- 
mone function, and enzyme systems. 


Also of clinical importance are these cell Optically Standardized L- and p- Amino Acids, 
metabolites: Nucleic Acids and Metallic Radiochemicals. Inquiries for further informa- 
Nucleates, Nucleotides and Nucleosides, Pu- tion and prices are invited. 

rines and Pyrimidines, Sugar Phosphates, 


* Triphosaden and Triptide are new drugs, limited to investigational use. 
Visit our Booth 41 at The Federation Convention in Atlantic City, April 16-20, 1956 
SCHWARZ LABORATORIES, INC. 


230 WASHINGTON STREET, MOUNT VERNON, N. Y. 
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